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One Walnut Creek Center

100 Pringle Avenue, Suite 300
Walnut Creek, CA 94596

tel: 925 933-2900

fax: 925 933-4174

October 23, 2006

Ms. Chris Tomasik

Assistant Director of Public Works
City of Benicia

250 East “L"” Street

Benicia, CA 94510

Subject: Water Reuse Project — Conceptual Design Report

Dear Chris:

CDM is pleased to submit the Conceptual Design Report for the Benicia Water Reuse Project.
The report is a summary of the information presented in the project’s five technical
memoranda that have been submitted over the last two years, updated and revised to
incorporate new project cost estimates, and to include the input received the City and the
PURE committee.

This report would not have been possible without the valuable input and guidance from you
and your staff and the PURE Committee. If you have any questions or need additional
information, please do not hesitate to call us.

Very truly yours,

T. Gerald Cole, P.E. Paul F. Meyerhofer, P.E.
Senior Project Manager Senior Vice President

Camp Dresser & McKee Inc. Camp Dresser & McKee Inc.

consulting ® engineering © construction  operations
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Executive Summary

The City of Benicia and the nearby Valero Refinery have entered into a partnership to
develop a project that will supply recycled water for use as cooling tower make-up
water. The project is being developed to deliver up to 2 mgd of high purity recycled
water to the refinery, which is approximately three miles north of the City’s WWTP.
The overall project objectives as established by the City and Valero are as follows:

m Meet water quality and quantity requirements for the cooling towers
m Meet discharge requirements for disposal of demineralized reject stream
m Comply with State Title 22 requirements for recycled water for cooling towers

Table ES-1 presents a listing of secondary effluent constituents of concern and the
limits required for the recycled water to meet the water quality criteria.

Table ES-1
Comparison of Key Secondary Effluent Quality Parameters and
Recycled Water Quality Limits
" Benicia Effluent Cooling Water

Parameter Units Water Quality Qualit)? Limits
ammonia mg/L 30 <0.2
bicarbonate mg/L 190 104
chloride mg/L 120 20
phosphate mg/L 2 3
silica mg/L 22 17
hardness mg/L 130 <200
TDS mg/L 650 250

Ammonia Removal

In order to provide assurance that the best ammonia removal technology was
selected, several treatment technologies were evaluated. Three alternatives involved
modifications to the City’s existing WWTP. They would require that the entire
secondary treatment system be included in the process development, along with
accommodations for wet weather operations. Three other alternatives analyzed were
basically stand alone systems, which were sized solely to meet the flow demands of
the Water Reuse Project.

Based on the evaluation of the alternatives, it is recommended that stand-alone
nitrifying trickling filters be selected as the nitrification system to be used in the
overall process system for the Benicia Water Reuse Project.

E-1
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Executive Summary

Partial Demineralization

Computer simulation models of alternative partial demineralization treatment
processes were run to determine the most cost-effective system that could process the
City’s effluent to meet the cooling water quality objectives. Technologies investigated
in various combinations, included: granular media filtration, microfiltration (MF),
nanofiltration (NF), reverse osmosis (RO) and electrodialysis reversal (EDR).

MF followed by RO was determined by computer simulations to meet all the
requirements except for ammonia. Reducing the ammonia from about 0.3 mg/L after
RO to less than 0.2 mg/L will be achieved by breakpoint chlorination after
disinfection.

Using the MF/RO processes described above, the recycled water quality is projected
to meet the water quality objectives, as shown in Table ES-2

Table ES-2
Comparison of Key Secondary Effluent Quality Parameters and
Recycled Water Quality Limits and Projected Recycled Water Quality
Benicia Secondary . Projected
Parameter Units Effluent Water 200”'.'; g LV!/a{cter Recycled Water
Quality HeHty Lnes Quality®
ammonia mg/L 30 <0.2 <0.2
bicarbonate mg/L 190 104 37
chloride mg/L 120 20 <20
phosphate mg/L 2 3 0.5
silica mg/L 22 17 4
hardness mg/L 130 <200 23
TDS mg/L 650 250 120

“@Based on 15 % blend around the RO system and breakpoint chlorination

Disinfection

Alternative disinfection systems evaluated for the Benicia Reuse Project included
chlorination using sodium hypochlorite and ultraviolet light disinfection. Recycled
water from the proposed Water Reuse Treatment System must meet disinfection
requirements for tertiary recycled water, proposed for use as cooling water supply, as
contained in Title 22, Division 4, Chapter 3 of the California Code of Regulations.
Two disinfection system alternatives were developed and evaluated, namely low-
pressure, high intensity UV and chlorination using sodium hypochlorite. An
economic analysis indicated that chlorination and UV disinfection are approximately
equal in cost. Moreover, other qualitative factors, in particular water quality impacts,
site impacts and ease of process control, favor UV over chlorination.

Recycled Water Conveyance System

The conveyance system will consist of a pump station at the City of Benicia WWTP, a
pipeline approximately 14,000 feet in length and a “break tank” storage facility at the
Refinery. Beginning at the WWTP the pipeline will travel from a new, high-lift
recycled water pump station (RWPS) to the Valero “off site” dock line right-of-way in
the vicinity of East 7th Street and “H” Street. The pipeline will follow the abandoned

E-2
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Executive Summary

Valero dock lines northerly for about 9,000 feet to the Refinery property line. Within
the Refinery the pipeline will follow Avenue “E” South, then up a vertical rise (known
as a “waterfall”) to Avenue “F” to the cooling towers.

Rehabilitating the existing dock lines was compared to constructing new piping. It
was determined that it was more cost-effective and reliable to install a new, 14-inch
pipeline, rather than rehab portions of the existing dock lines. The recycled water
pump station will consist of three (2 duty/1 standby), vertical turbine, variable speed
pumps mounted over a clearwell.

A flow diagram of the proposed Benicia Water Reuse Plant and Conveyance System is
shown in Figure ES-1.

MF Reject Stream ) 15% Blend
L Existing Flow At Benicia

Equalization Nitrifying Reverse WWTP
Basins  Trickling Filters Osmosis

Existing

Benicia
WWIE Recycled Water
Supply Pump Station
Existing
Effluent
Pump Station
RO Concentrate
Transmission Pipeline S
Discharge to A
Carquinez Straits —I
At Valero i
Refinery EC?:::::
Towers
N —
»g—
Break Tank Existing Cooling Existing Existing
and Storage ~ Water Recirculation Recirculation Heat
Channel Pump Station Exchangers
Figure ES-1

Benicia Water Reuse Plant and Conveyance System
Flow Diagram

Regulatory Compliance And Pilot Testing

The reject (or concentrate) stream from the RO facility will be blended with the
remaining Benicia WWTP flow and discharged to the Carquinez strait. Constituents
in the RO concentrate stream will be concentrated up to fives times higher than levels
in the secondary effluent that will feed the MF/RO treatment system.

Initial planning level estimates indicate that up to 0.3 mgd of concentrate could be
produced from the full-scale RO facility when operating at maximum capacity. That
flow would be blended and discharged with the remaining approximately 0.4 mgd
(minimum) of secondary effluent (i.e. a 43% blend).

E-3
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Pilot-scale tests and laboratory analyses were performed to investigate the feasibility
of the blended discharge (RO concentrate and Benicia WWTP effluent) meeting
current NPDES discharge requirements and to characterize the following:

m Conventional water quality parameters (BOD, TSS, pH, etc.).
m Trace metals and other priority pollutants
m Acute and chronic toxicity.

The results of the testing and analyses indicate that the blended discharge will meet
regulatory requirements.

Estimated Costs

Construction costs were estimated for the water reuse plant and conveyance system.
The capital cost of a project includes both the construction cost plus all “soft costs”
that are required to implement the project. These soft costs include: engineering,
construction management, administration, environmental compliance, acquisition of
permits and financing costs. The assumptions used in developing capital cost
estimates are:

m Estimates include 25% for engineering design and construction management, 25%
for contingencies, and $1 million for the preliminary engineering, water quality
testing, and environmental planning costs that will be completed prior to the start
of engineering design.

m The project will be bid in May, 2008.
m The contractor will price the project to the mid-point of construction (May 2009).

m Construction cost escalation between October 2006 and May 2009 will range
between 6% and 12% annually.

Table ES-3 presents a summary of the estimated capital costs for water reuse projects
with production capacities of 2.0, 1.5 and 1.0 mgd, respectively.

E-4
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Table ES-3
Summary of Estimated Capital Cost
2.0 mgd 1.5 mgd 1.0 mgd
Water Reuse | Water Reuse Water Reuse
Project Project Project
Cost Cost
Component ($ millions) ($ millions)
Construction $18.68 $15.84 $12.31
Engineering and CM at 25% $4.67 $3.96 $3.08
Subtotal $23.35 $19.80 $15.39
Contingency at 25% . $5.84 $4.95 $3.85
Costs for preliminary engineering, $1.00 $1.00 $1.00
water quality testing, and
environmental planning
Total Cost based on Oct. 2006 $30.19 $25.75 - $20.24
Total Capital Cost, assuming $34.92 $29.80 $23.40
6% annual inflation to mid-point
of construction in May 2009 (2.5
yrs)
Total Capital Cost, assuming $40.14 $34.25 $26.90
12% annual inflation to mid-
point of construction in May
2009 (2.5 yrs)

The O&M costs of the project include power, labor, chemicals, and replacement of
consumables (e.g., membranes, UV lamps, etc). Labor estimates were based on
experience with other operations at plants, available guidelines and discussions with
existing Benicia Plant operations staff. The replacement costs for major consumables
were based on manufacturers’ recommendations and experience with other projects.

A summary of estimated O&M costs is presented in Table ES-4.

Table ES-4
Estimated O&M Costs

2 mgd 1.5 mgd 1.0 mgd

Water Water Water

Reuse Reuse Reuse

Item Project Project Project
Chemicals $270,800 $203,200 $135,500
Power $400,400 $300,400 $200,400
Consumables $162,500 $121,800 $81,400
ER&R $99,500 $89,240 $79,140
Labor $239,500 $239,500 $239,500
E and I&C Maint. $50,000 $50,000 $50,000
Total $1,222,700 $1,004,140 $785,940

CDM E5
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Section 1
Introduction

1.1 Project Background and Objectives

The City of Benicia and the nearby Valero Refinery have entered into a partnership to
develop a project that will supply recycled water for use as cooling tower make-up
water. The recycled water will off-set a commensurate amount of raw water, thus
increasing the reliability of the City’s potable supply.

The City of Benicia is located in the southwest corner of Solano County on the San
Francisco Bay. The City owns and operates a secondary treatment plant with a design
capacity of approximately 4 mgd. The plant provides secondary treatment by an
activated sludge process and discharges its effluent to the Carquinez Strait of the San
Francisco Bay. Current average daily, dry weather flow during summer months is
approximately 2.7 mgd. Effluent quality discharge requirements (monthly average)
are 30 mg/L BOD and 30 mg/L suspended solids. Toxicity limits (chronic and acute)
and toxic substances, particularly heavy metals, are also regulated by the City’s
NPDES permit.

The project is being developed to deliver up to 2 mgd of high purity recycled water to
the refinery, which is approximately three miles north of the City’'s WWTP. Figure
1-1 presents a project location map.

The overall project objectives as established by the City and Valero are as follows:
m Meet water quality and quantity requirements for the cooling towers.
m Meet discharge requirements for disposal of demineralized reject stream.

m Comply with State Title 22 requirements for recycled water for cooling towers.

1.2 Project Authorization

On July 7, 2004, in accordance with Task Order No. 1 to the Consultant Agreement
between the City and CDM, the City of Benicia authorized CDM to provide Phase
One Engineering Services for the development of the proposed Water Reuse Project.
The Scope of Work includes reviewing existing background documents, conducting
small scale pilot testing, and developing conceptual and preliminary designs for the
proposed project.

1.3 Technical Memoranda

In the development of the conceptual design, CDM prepared five Technical
Memoranda each for various components of the Project. The technical memoranda
were prepared in draft form and were submitted to the City and its steering

1-1
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Section 1
Introduction

committee (described below) for review, comment and approval of CDM’s
recommendations. The technical memoranda produced in the development of the
project concept are as follow:

s TM 1 - Evaluation of Alternative Reuse Treatment Systems and Ammonia Removal
Options (Sept. 7, 2004)

= Supplement to TM 1 - Biological Nitrification Alternatives (Nov. 30, 2005)
m TM 2 — Evaluation of Alternative Disinfection Processes (Nov. 4, 2004)

®= TM 3 - Recycled Water Conveyance System (Nov. 9, 2004)

m TM 4 - Analysis of Facilities Siting Alternatives (Feb. 2, 2005)

This conceptual design report is a compilation and summary of these technical
memoranda. The technical memoranda are found in the Appendix.

1.4 Project Team

The Project is being developed under the direction of Chris Tomasik, Assistant

~Director of Public Works for the City.

In addition to CDM, the City has retained EOA, Inc to provide consultation and
direction for permitting and regulatory compliance issues. Pacific Eco-Risk
Laboratories performed toxicity studies relating to the disposal of the reverse osmosis
(RO) concentrate (or brine reject stream).

To ensure that the project meets the requirements of the California Environmental
Quality Act (CEQA), the City has retained ESA to perform environmental assessment
of the project and to develop the appropriate CEQA compliance document.

1.5 Acknowledgements

CDM wishes to acknowledge the valuable guidance and expert advice received from
the City, and in particular, Chris Tomasik, John Bailey (retired WWTP
Superintendent), Jerry Gall, WWTP Superintendent, and Jeff Gregory, WWTP
Supervisor.

The City has an ad hoc steering committee for the Project, known as PURE (People
Using Resources Efficiently). CDM is also very appreciative of the guidance, insight
and direction provided from the committee as a whole and individually. The PURE
committee is comprised of Benicia residents appointed by the City Council. The
members are: Robert Craft, Chair; Donald Basso; Dennis Lund; Brad MacLane; and
Elizabeth Patterson, Council member. The Valero Refinery representative to PURE is
Guy Young.

1-2
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Lastly, CDM appreciates the partnering relationship exhibited by the other
consultants retained by the City, in particular Tom Hall of EOA, with whom CDM
worked closely in the scoping and conduct of the pilot testing and data analyses.

List of Acronyms

AB
ADWF
AF
AFY
AS
AWWA
BAAQMD
BAF
BFP
BNR
BOD
BODs
BTU
CAA
CaCos
CCR
CDM
CEPT
cf

CFR
CIP
COD
COE
CPI
CT
CWA
DAF
DG
DL
DO
DOHS
EDR
EHRC
ENRCCLsr

EPA
FOTE
FY
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aeration basin

Average Dry Weather Flow

acre-feet

acre-feet per year

Activated Sludge

American Water Works Association

Bay Area Air Quality Management District
biological aerated filter

belt filter press

Biological Nutrient (Nitrogen) Removal
biochemical oxygen demand

5-day Biochemical Oxygen Demand

British Thermal Unit

Clean Air Act

Calcium Carbonate

California Code of Regulations

Camp Dresser & McKee Inc.

chemically enhanced primary treatment
cubic foot

Code of Federal Regulations

clean-in-place

Chemical oxygen demand

U.S. Army Corps of Engineers

Consumer Price Index

Product of chlorine dosage and contact time
Clean Water Act

Dissolved Air Flotation Thickener

Digester Gas

Dockline

dissolved oxygen

State of California Department of Health Services
Electrodialysis Reversal

enhanced high rate clarification
Engineering News Record Construction Cost Index of San
Francisco Area

United States Environmental Protection Agency
field oxygen transfer efficiency

Fiscal year
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gpm
HDPE
HRT
icfm
IDI
IFAS
kV

kW
kWhr
L

MBR
MF

mg
mgal
mg/L
mgd
mL
mL/L —hr
MLSS
mW
NAS
NBA
NF
NPDES
NTF
NTU
O&M
OH
OSHA
PE
PLC
POTW
ppd

PS
PSM
PVC
PW
PWWF

RBC
RO
RWQCB

RWSPS
SC
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gallons per day

gallons per minute

High Density Polyethylene
Hydraulic Residence Time

inlet cubic feet per minute

Infilco Degremont Incorporated
integrated fixed film activated sludge
KiloVolt (1000 Volts)

KiloWatt (1000 Watts)

kilowatt hour

liter

membrane bioreactor
microfiltration

milligram

million gallons

milligram per liter

million gallons per day

milliliter

Milliliter per liter per hour

Mixed Liquor Suspended Solids
MegaWatt (1,000,000 Watts)
nitrifying activated sludge

North Bay Aqueduct

nanofiltration

National Pollutant Discharge Elimination System
nitrifying trickling filters
Nephelometric Turbidity Unit
Operation and Maintenance
overhead

Occupational Safety and Health Administration
primary effluent

programmable logic controller
Publicly Owned Treatment Works
pounds per day

pump station

Process Safety Management
polyvinyl chloride

present worth

peak wet weather flow

return activated sludge

rotating biological contactors
reverse 0smosis

Regional Water Quality Control Board — San Francisco Bay
Region

recycled water supply pump station
secondary clarifier

1-4



SCADA
st

SPW
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Supervisory Control and Data Acquisition System
square feet

State Project Water

solids (biomass) retention time

Station '

State Water Resources Control Board

Total Dissolved Solids

100,000 BTUs, equivalent to 100 cubic feet of natural gas
Total Inorganic Nitrogen (total of ammonia-nitrogen, nitrite-
nitrogen, and nitrate-nitrogen)

California Code of Regulations, Title 22 (Water Recycling
Criteria)

total Kjeldahl nitrogen

Total Organic Carbon

Tertiary Submerged Fixed Film (nitrification)

Total Suspended Solids

micro-grams per liter

U.S. Department of Agriculture

ultraviolet light

UV transmittance

Volatile Organic Carbon

Water Reuse Treatment Plant

Wastewater Treatment Plant
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Section 2
Basic Criteria for Project Development

2.1 Introduction

Recycled water from municipal wastewater treatment plants is used in several
locations for industrial cooling applications. In California, the West Basin Municipal
Water District (West Basin) supplies high quality recycled water to Chevron's El
Segundo Refinery and to Exxon/Mobil’s Torrance Refinery. Chevron is developing a
similar project at its Richmond, California Refinery. The Cooling Water Institute lists
several other projects where recycled water is being used.

The major water quality constituents of concern when considering the application of
recycled water for industrial cooling include ammonia, chloride, silica, total hardness,
total dissolved salts (TDS) and others. The concerns generally focus on corrosion
and/or plating out of minerals within heat exchangers and cooling towers.

Concerning ammonia, many municipal biological wastewater treatment plants do not
nitrify (i.e., convert ammonia to nitrate), and typical ammonia concentrations in the
secondary effluent from these plants range between 20 and 35 mg/L. However, very
low ammonia levels (less than 0.2 mg/L) must be maintained for cooling water.

Thus, ammonia removal steps must be implemented in recycled water plants.
Alternatives include modifying the entire secondary biological process, providing a
stand alone biological system, or implementing an ion exchange treatment process.
As described in Technical Memorandum No. 1, early in this project it was determined
that biological ammonia removal would be the most cost effective and practical.
Therefore, biological ammonia removal (conversion) was investigated for the Benicia
Water Reuse Project. These evaluations are described in Section 3 below and in more
detail in the supplement to TM 1.

Owing to strict limits for the other mineral constituents noted above, some form of
demineralization is necessary to meet cooling water objectives. Projects such as those
implemented by West Basin employ reverse osmosis (RO) to reduce the chloride,
TDS, and other minerals to the levels required by refinery cooling systems. As is
described in Section 3 and TM 1, various membrane systems were investigated to
meet the water quality requirements for the Benicia Water Reuse Project.

In the application of secondary effluent to RO membranes, pretreatment using micro-
filtration (MF) or ultra-filtration is typically used to prevent RO membrane fouling
and to extend the lives of the membranes. At West Basin and other projects, MF is
used as the pretreatment to the RO process.

Based on CDM'’s experience with the West Basin project and other specific evaluations
for this project, it was determined that some form of biological nitrification system

21
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followed by MF and RO would be the general overall process used to meet the water
quality requirements.

As described in Section 3 and TM 2, various disinfection methods after the MF/RO
systems were also evaluated and UV disinfection was selected.

2.2 Recycled Water Quality Objectives

Strict water quality objectives have been established relating to ammonia, silica,
chloride and TDS. The bases for setting strict limits for these constituents are as
follows:

m Corrosion of admiralty metals, e.g., copper-zinc alloys from chloride and ammonia.
m Plating out of deposits, e.g., CaCO:.

® Build-up of slimes in cooling towers.

m TDS build up affects the number of cycles of concentration, which directly affects
operating costs.

Table 2-1 presents a listing of secondary effluent constituents of concern and the
limits required for the recycled water to meet the water quality criteria.

Table 2-1
Comparison of Key Secondary Effluent Quality Parameters and
Recycled Water Quality Limits
: Benicia Effluent Cooling Water

Parameter kit Water Quality Quality Limits
ammonia mg/L 30 <0.2
bicarbonate mg/L 190 104
chloride mg/L 120 20
phosphate mg/L 2 3
silica mg/L 22 17
hardness mg/L 130 <200
TDS mg/L 650 250

2.3 Project Output Capacity and Flow Equalization

As is typical with most municipal wastewater systems, flow rates both into and out of
wastewater treatment plants have considerable variation throughout the day as well
as seasonally. Benicia is no exception. During dry weather periods, flow rates vary
from about 1 mgd to peaks of nearly 4 mgd. During wet weather periods, flow rates
can range from about 2 mgd to over 20 mgd. The Water Reuse Project needs to take
these flow variations into account since one of the overall project objectives is to
supply recycled water at a more or less constant rate of 2 mgd throughout the day.

2-2
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To meet the design output capacity of the project, the input secondary effluent flow to
the recycled water treatment system needs to be higher than 2.0 mgd to account for
the reject (waste) flows from both the micro-filtration (MF) and the reverse osmosis
(RO) processes. The MF process will reject about 10% of the input and the RO will
reject approximately 15% of its input flow. The MF reject will be recycled to the
headworks of the plant for reprocessing; the RO reject will be sent to the outfall for
disposal.

Based on the preliminary flow balance performed by CDM, the input flow to the
biological ammonia removal system will need to be approximately 2.55 mgd to
account for the reject flows. Hence, a constant flow of secondary effluent must be
made available at the rate of 2.55 mgd.

The MF and RO processes perform best when operated at nearly a constant flow rate.
It is more cost-effective to equalize secondary effluent supply to the water reuse
treatment system, than to equalize the product recycled water. Operating the water
reuse treatment system at a constant flow rate also provides for stable operating
conditions with less variation in process performance.

The secondary effluent will be equalized using a portion of the existing multi-purpose
basins (MPBs) at the WWTP. These basins are generally used to equalize high, wet-
weather flows to maintain the plant’s performance during high flow periods. They
are also used during dry periods to store wastewater when a process unit is taken out
of service.

Secondary effluent flow will be diverted into the MPBs and will be withdrawn at a
constant rate and sent to the biological ammonia removal system which is described
in Section 3.

Figure 2-1 graphically shows the variation in plant flow rate during dry weather
periods and the estimated amount of equalization storage required to deliver
approximately 2.55 mgd on a continuous basis. Approximately 400,000 gallons of
storage is required, which is approximately the volume of MPBs Nos. 3, 4 & 5.
During high wet weather flow periods, equalizing flow will not be necessary.

2.4 Location of Project Facilities

Three siting alternatives were developed, based on the location of major process
treatment components, as follows: '

= Alternative No. 1 - All treatment facilities (MF/RO/UV) at Benicia WWTP
s Alternative No. 2 - MF and UV at the Benicia WWTP and the RO system at Valero

m Alternative No. 3 — MF at the Benicia WWTP and the RO and UV systems at Valero

2-3
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Flow design criteria were established for the three alternatives, depending on where
the facilities would be located. A present worth analysis was performed and it was
determined that based on economics, lack of adequate available space at the refinery,
and potential regulatory issues associated with RO concentrate disposal at Valero all
project treatment facilities would be located at the City’'s WWTP.

2.5 System and Process Reliability Criteria

During development of the conceptual design, project reliability issues were
discussed with the City, Valero, and the PURE Committee. It was agreed that
providing 100% project reliability (24/7/365) would be too costly. Hence,
interruption in the delivery of recycled water could be tolerated by Valero. Some
product water storage will be provided at the Refinery for limited power outage
durations (volume to be determined). The City agreed that fresh water backup would
remain available.

Based on the above decisions, the following criteria were developed:
= No Standby Power will be provided.

m All main line pump systems will have a standby pump.

m There will be two nitrifying trickling filters.

m MF system will be designed with multiple skids (minimum of 3).

m RO system will not be designed with a redundant skid, since there are no
mechanical components associated with the system that are prone to fail.

m UV will be designed in compliance with the redundancy requirement of the
Department of Health Services.

2.6 Other Planning Criteria

Meet City noise ordinance and minimize noise from project equipment.

CDM | 24
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Section 3
Process Development and Selection

3.1 Description of City’s Existing WWTP

To understand project development and process selection, it is necessary to
understand the City’s existing WWTP. The plant has two separate biological
treatment systems. The conventional activated sludge system, which was added in
the late 1990’s, has a capacity of 4 mgd, but can handle up to 8 mgd peak flows during
wet weather periods. It also has an RBC system that was constructed in the 1970’s.
The RBC system is used during wet weather, when peak flows exceed 12 mgd. Flows
above 12 mgd are stored in the multi-purpose basins for equalization. Primary and
waste activated sludges are gravity thickened and anaerobically digested. Digested
sludge is dewatered on a belt press and the cake is hauled to a landfill. Figure 3-1
presents a process block diagram of the liquid stream of the plant.

3.2 Development and Evaluation of Biological
Nitrification Treatment Alternatives

Eleven biological treatment technologies that would potentially provide full-time
nitrification were identified and screened. Six biological nitrification technologies
were selected for further analysis. Three alternatives involve extensive modifications
to the City’s existing WWTP. They require that the entire secondary treatment system
be included in the process development, along with accommodations for wet weather
operations. Three other alternatives are basically stand alone systems, which can be
sized solely to meet the flow demands of the Water Reuse Project. The six alternatives
are described in Table 3-1.

Conceptual designs were prepared for each alternative and analyzed for performance,
reliability and cost-effectiveness. The results of this analysis are described in the
following paragraphs.

Table 3-1
Biological Nitrification Alternatives for Ammonia Removal

Alternative Description

Expand existing activated sluddge system — use 2 existing aeration basins (AB’s) add a
1 3" secondary clarifier (SC), 3" return activated sludge (RAS) pump and 3 process air
blowers. Nitrifying Activated Sludge (2 AB’s & 3 SC’s)

Expand existing activated sludge system — add 3™ AB, 3™ SC, 3™ RAS Pump and 3

. blowers. Nitrifying Activated Sludge (3 AB’s & 3 SC’s)
Convert primaries to chemically enhanced primary treatment (CEPT) - add a 3™
3 secondary clarifier, 3“ RAS pump, 3 process blowers and chemical feeding system.
Nitrifying Activated Sludge & CEPT
4 Add stand-alone tertiary nitrifying biological aerated filters. Nitrifying BAF’s
5 Add stand-alone tertiary submerged, fixed-film nitrification system. TSFF Nitrification
6 Add stand-alone tertiary nitrifying trickling filters. NTF’s

CDM 31
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Process Development and Selection

3.2.1 Overview I\fitrifying Activated Sludge Alternatives
(Alternative Nos. 1, 2 & 3)

Of the three NAS alternatives, Alternative No. 2 provides the highest degree of
reliability because nitrification can be maintained during wet weather flows with
either one aeration basin (AB) or one secondary clarifier (5C) out of service.
Alternative No. 3 provides less reliability than Alternative No. 2 because nitrification
will likely be lost when one AB is removed from service; however, the activated
sludge process can still pass the required wet weather flow with one SC out of service.
Of the three full plant nitrifying activated sludge processes, Alternative No. 1
provides the lowest level of reliability because loss of an AB will stop nitrification and
loss of a SC will prevent the SCs from passing the required wet weather flow. Table
3-2 presents a summary of the flow rates that each of these three alternatives can
handle and still reliably meet the secondary effluent ammonia limit of 2 mg/L.

Table 3-2
Summary of Reliable Flow Limitations for Nitrifying Activated Sludge Alternatives
Alternative A szg;?;’; Zlax B ’gz'x'::g!’y
Estimated Flow at Build Out 4.5 - 8
Current Flow 3.7 8
Alt No. 1 — NAS with 2 AB’s & 3 SC’s 2.0t03.2 541084
Alt No. 2 — NAS with 3 AB’s & 3 SC’s 3.2t04.0 8.31010.8
Alt No. 3 — NAS & CEPT with 2 AB’s.& 3 SC’s 241036 6.4109.9

3.2.2 Overview of Stand-Alone Biological Nitrification Systems
3.2.2.1 Alternative No. 4 Biological Aerated Filters

Biological aerated filters (BAF’s) are a type of attached growth biological treatment
process that is used for tertiary nitrification. Nitrifying bacteria grow on the surface of
the media and convert the ammonia to nitrate. BAF’s have characteristics of both
activated sludge systems and trickling filters. They function similar to a water filter in
that they must be backwashed periodically. Hence, there is backwash wastewater
that must be recycled back to the main plant head works. The system has backwash
pumps, process air blowers and backwash air blowers. BAF’s are approximately 25 ft
in height.

3.2.2.2 Alternative No. 5 Tertiary Submerged Fixed-Film Reactor Systems

Tertiary submerged fixed-film (TSFF) reactor systems are composed of a reaction
vessel in which nitrifying bacteria grow on either fixed or moving-bed media. Air is
diffused into the water-media culture much like a typical activated sludge (AS)
aeration basin. Fixed media consist of either ropes that are attached to frames, or
plastic crates, similar to those used in packed bio-towers. Moving-bed media are
made of either sponges or small plastic elements. Since maintenance of the fixed
media has presented challenges at some installations, only plastic media of the
moving-bed type were considered. TSFF systems have low profiles, are similar to
aeration basins and would project about five feet above grade.

3-2
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3.2.2.3 Alternative No. 6 Tertiary Nitrifying Trickling Filters

Nitrifying trickling filters (NTF) are attached growth biological treatment processes
that allow the nitrifying bacteria to grow on the surface of solid media, as the
wastewater flows over the media. This is opposite of the suspended growth processes
(i.e,, NAS, as in Alternative Nos. 1, 2 & 3 and TSFF systems, as in Alternative No. 5)
where the bacteria are suspended in the wastewater. The NTF’s units for Benicia
would be approximately 42-ft in diameter and 15-ft high.

3.2.3 Estimated Construction Costs of Biological Nitrification
Alternatives

Conceptual designs were developed and construction cost estimates were prepared
for each of the six alternatives. For the three stand-alone alternatives (Alternative
Nos. 4, 5 and 6) manufacturers were contacted for budgetary estimates for the
respective equipment. Unit prices for various components and surcharges for
electrical and instrumentation and control systems were applied based on experience
from other similar projects. The construction estimates indicate that Alternative No. 4
(Nitrifying BAF’s) has the highest estimated cost at approximately $3.67 million, and
Alternative No. 1 (Nitrifying Activated Sludge, 2 AB’s & 3 SC’s) has the lowest
estimated cost at approximately $1.79 million. However, Alternative No. 1 has
reliability limitations, as noted above. Alternative No. 6 Nitrifying Trickling Filters
has the second lowest estimated construction cost at $2.06 million.

3.2.4 Estimated Operating & Maintenance Costs of Biological
Nitrification Alternatives |

Operating requirements, including power, labor, chemicals and other consumables
were estimated for each of the six alternatives. Power was estimated at $0.12 per
kilowatt hour (kWhr); labor at $50 per hour, including City administrative overhead.
Chemical costs were based on current local market rates. For Alternative Nos. 1, 2 and
3, which would treat the total flow to the entire WWTP, an annual average flow over
the 20-year planning period was assumed at 3.8 mgd. For Alternative Nos. 4,5 and 6,
a constant flow of 2.55 mgd (as the required input to the MF/RO system) over the 20-
year period was assumed. Alternative No. 3 (Nitrifying Activated Sludge with
Chemically Enhanced Primary Treatment) has the highest estimated operating cost at
approximately $314,000 per year. Alternative No. 6 (NTF’s) has the lowest estimated
operating cost at approximately $165,000 per year. The estimated operating cost of
the other four alternatives range between $192,000 and $242,000 per year.

3.2.5 Quantitative Evaluation of Alternatives

The capital cost of a project includes both the initial construction cost plus engineering
and construction management costs, required to implement the project.

The capital and annual O&M cost estimates presented herein are for comparative
purposes only. These cost estimates were used to determine which alternative is the
most cost-effective. Using the estimated capital and annual O&M costs for each
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alternative system, present worth values were developed to compare the life-cycle
costs of the six alternatives. Present worth is defined as that amount of money it takes
to fund the capital investment of a project, as well as its annual operating and
maintenance costs, over a period of time, given the cost of money (interest) during the
evaluation period. For this analysis, the time period used was 20 years and the
interest rate was six percent. Table 3-3 presents the results of this analysis.

Table 3-3
Summary of Economic Analysis of Biological Nitrification Alternatives
Alt No. 1 Alt No. 2 Alt No. 3 Alt No. 4 Alt No. 5 Alt No. 6
Component NAS (2&3) NAS (3&3) NAS&CEPT BAFs TSFF NTF
$1,000's $1,000's $1,000's $1,000's $1,000's $1,000's
Estimated $1,790 $3,310 $2,340 $3,670 $2,880 $2,060
Construction Costs
Add 35% for $630 $1,160 $820 $1,280 $1,010 $720
Engineering and CM
Total Estimated $2,420 $4,470 $3,160 $4,950 $3,890 $2,780
Capital Cost
Estimated Annual $202 $211 $314 $242 $192 $165
O&M Costs
Present Worth of $2,320 $2,420 $3,610 $2,780 $2,200 $1,890
O&M Costs "
Total Estimated $4,740 $6,890 $6,770 $7,730 $6,090 $4,670
Present Worth
Values

T PWF:i=6% andn=20yrs

Alternative No. 6 has the lowest present worth value among the six alternatives
analyzed. Alternative No. 1 has the next lowest present worth value by
approximately 1.5%. Although Alternative No. 1 has the lowest estimated capital
cost, it has significant reliability limitations in that it cannot consistently nitrify and
meet the project’'s ammonia goal.

3.2.6 Qualitative Evaluation of Biological Nitrification
Alternatives

In addition to capital cost, operating costs and present worth values, other qualitative
factors were evaluated to aid in the selection of the best biological nitrification
process. Table 3-4 contains a tabular summary of qualitative factors and an
assessment of how each alternative compares to each factor.

m ’ 3-4
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Table 3-4
Summary of Qualitative Evaluation of Biolo;icfal Nitrification Alternatives
Alt No. 1 Alt No. 2 Alt No. 3 Alt No. 4 Alt No. 5 Alt No. 6
Qualitative Factors NAS (2&3) | NAS (3&3) | NAS&CEPT BAFs TSFF NTF
$1,000's $1,000's $1,000's $1,000's $1,000's $1,000's
Impact on Existing Facilities Moderate High Moderate Low Low Low
Ease of Operation Good Good Moderate | Moderate Good Good
Ease of Implementation Moderate Difficult Moderate ~ Good Good Good
Incrementally Expandable Difficult Difficult Difficult Moderate Moderate Moderate
Equipment Reliability Good Good Good Good Good Good
Process Reliability Limited Good Limited Good Limited Good
Proven Technology Good Good Good Good Limited Good
Process Complexity Moderate Moderate Moderate High Low Moderate
Power Demand High High High Moderate Low Lowest
Visual Impact Low Low Low High Low Moderate

Constructing additional process units to expand the existing biological treatment
system will be disruptive to the City’s WWTP, whereas a stand-alone system will not
disrupt plant operations. All of the alternatives are relatively easy to operate,
although the chemical addition system for Alternative No. 3 and the BAF
backwashing system for Alternative No. 4 will require more operator attention.

Process reliability and technology for NAS alternatives are proven and understood.
Performance data exist for plants operating in the NAS mode. Adequate operating
data for nitrifying BAF's are also readily available, although less extensive than NAS
systems. The nitrification processes of Alternatives 5 and 6 (TSFF and NTF’s) can be
designed to nitrify. However, limited operating data that support performance to the
ammonia criterion of 2 mg/L have been provided by manufacturers of TSFF systems.
NTF’s have a longer operating record than TSFF systems, and that is why process
reliability for NTF’s systems is stated as “Good”.

Visual impacts will be low, except for Alternative No. 4 BAF’s, which have a high
profile. Alternative No. 6 NTF’s has a profile similar to the one-story building that
will house the MF/RO system.

3.2.7 Conclusions and Recommendations

Based on the evaluation of the alternatives presented above, the following conclusions
can be drawn: '

1. Nitrifying Activated Sludge Alternative No. 1 does not provide reliable effluent
quality of 2 mg/L ammonia for current average day flow rates.

2. Providing a reliable hjtrifying activated sludge system by modifying the City’s
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activated sludge system will be highly disruptive and result in a high capital and
operating cost, compared with other available, stand-alone alternatives.

3. Three stand-alone tertiary, biological nitrification alternatives are capable of
meeting the 2 mg /L. ammonia criterion. Biological activated filters and nitrifying
trickling filters have more proven performance as stand-alone nitrification
systems, than do submerged fixed film systems.

4. BAF’s have a high equipment profile of about 25 feet; they also have the highest
capital and operating cost.

5. Alternative No. 6 Tertiary NTF’s appears to be the most cost-effective alternative
that can meet the ammonia criterion of 2 mg/L..

6. Using a stand-alone nitrification system will avoid operational problems at the
City’s basic secondary treatment system during wet weather periods when it must
accommodate high flows and still meets its NPDES permit requirements.

Based on the evaluations conducted and the information gained from a field trip to an
existing, operating WWTP with NTF's, it is recommended that stand-alone NTFs be
selected as the nitrification system to be used in the overall process scheme for the
Benicia Water Reuse Project.

The NTF’s units for Benicia would be approximately 42-ft in diameter and 15-ft high.
Overall design criteria are shown in the Table 3-5, below.

Table 3-5
Summary of Facilities Required for Tertiary Nitrifying Trickling Filters
Item Description
Feed pumps, including recycle (2) 2.0 mgd, each, approx 10 hp each
Trickling filters (2) 42 ft diameter x 12 ft media depth
Media 34,000 cf cross flow media
Process air blowers (8) 1,500 scfm, at 2-in H20 column (4 per filter)
Sodium hydroxide feed system, Required for alkalinity control.
consisting of storage and 2 small
chemical feed pumps and storage tank

Secondary effluent will be pumped at a continuous flow rate (2.55 mgd) from the
MPBs to the NTF’s pump station wet well. The NTF pumps would be vertical
turbine type mounted over a wet-well in between the two NTFs. They would not be
enclosed but would be furnished with adequate noise reduction to meet City
ordinance requirements at the WWTP fence line.

CDM 36
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Since the nitrification process consumes about 7 mg of alkalinity per mg of ammonia

converted, sodium hydroxide will be
fed at the outlet of the NTF'sto
maintain alkalinity at the proper level..
Sodium hydroxide would be stored in a
fiberglass tank, mounted on a concrete
pad outside. Full secondary
containment would be provided.

Figure 3-2 shows a typical dual set of
trickling filters, similar to the ones
proposed for the Water Reuse Project.

Figure 3-2
Typical Nitrifying Trickling Filters

3.3 Development and Evaluation of Advanced
Treatment Systems

3.3.1 Evaluation of Partial Demineralization Systems

Computer simulation models of alternative partial demineralization schemes were
run to determine the most cost-effective system that could process the City’s effluent
to meet the cooling water quality objectives. Technologies investigated in various
combinations, included: granular media filtration, MF, NF, RO and EDR. As input to
the demineralization analysis, it was assumed that ammonia would be biologically
removed by nitrification down to approximately 2 mg/L, as discussed earlier in this
section.

MF followed by RO was determined by computer simulations to meet all the
requirements except for ammonia. Reducing the ammonia from about 0.3 mg/L to
less than 0.2 mg/L will be met by breakpoint chlorination at the end of the treatment
process after disinfection. Approximately 15% of the plant flow after MF will be
routed around the RO system and blended with the RO permeate. Providing a 15%
blend around reduces the cost of the RO system, and also provides the benefit of
producing a more stable, less corrosive product water than if 100% RO treatment is
used. Figure 3-3 shows a process schematic of the MF/RO System.
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Split Treatment

Tertiary I *
Nitrifying = ToUV
‘| Trickling Disinfection
Filters
Figure 3-3

Process Schematic of the MF/RO System

Based on the above schematic the recycled water quality was projected to meet the
water quality objectives as shown in Table 3-6.

Table 3-6
Comparison of Key Secondary Effluent Quality Parameters and
Recycled Water Quality Limits and Projected Recycled Water Quality
Benicia Secondary . Projected
Parameter Units Effluent Water ZOOII’.': g LV!/al.‘;ar Recycled Water
Quality ugilty slmis Quality’”
ammonia mg/L 30 <0.2 <0.2
bicarbonate mg/L 190 104 37
chloride mg/L 120 20 ' <20
phosphate mg/L 2 3 0.5
silica mg/L 22 17 4
hardness mg/L 130 <200 23
TDS mg/L 650 250 120

™ Based on 15 % blend around the RO system and breakpoint chlorination

3.3.2 Pre-Treatment for Demineralization - Micro-Filtration
System

In order to protect the RO membranes, micro-filtration is required. Typical MF
systems processing secondary effluent will reject approximately 10% of the input
flow. Hence, the output capacity of the MF system will be approximately 2.3 mgd.
Motor operated strainers will be placed upstream of the MF’s to protect them from
residual particulates from the NTFs. MF systems are available in either the
pressurized-type or the submerged, vacuum type. A pressurized MF system is
recommended since it is more cost effective at the 2 mgd capacity. Horizontal, dry pit
pumps will pump the influent to the MF system at discharge pressure of
approximately 35 psi (approximately 80 feet of head). The MF system is backwashed
at approximately 20-minute intervals using a combination of air and water. A
compressed air supply system will be included to supply the necessary air. Citric acid

3-8
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and sodium hypochlorite will be used for enhanced backwash operation and the
clean-in-place, membrane cleaning system.

Table 3-7 presents a summary of the design criteria for the micro-filtration system.
Figure 3-4 shows a typical pressure, micro-filtration system housed in a building.

Table 3-7
Summary of Micro-Filtration System Components
MF System Component Description/Criteria
Design Output Flow Rate, mgd 2.3
Turbidity Process Performance, NTU 0.2 no > 5% in 24-hr
Reject Rate and Average Flow, %/mgd 10/0.25

Reject Flow Disposition

Recycled to Plant Headworks

Motor Operated Strainers

2 at 2 hp each

Supply Pumps (horizontal, dry-pit type

2 at 40 hp each

Design Flux Rate, gfd

25 to 40 (average).

MF Banks

Minimum of 3

Chemical Clean-in-Place System for MF
Membranes

Acid & Hypochlorite Feed Pumps and Storage
with Containment

Wo6/Reports/Benicia/Conceptual Design Report

Figure 3-4

Typical Micro-Filtration System
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3.3.3 Partial Demineralization System - Reverse Osmosis

The reverse osmosis system will be designed for an output capacity of 1.7 mgd. When
the RO treated water (known as permeate) is combined with the 15% “blend around”
flow from the MF process, the total output will be 2.0 mgd. The RO system is
estimated to have a recovery rate of approximately 85% of the influent flow. Hence,
the reject or concentrate stream will be approximately 300,000 gpd. The RO system
will include cartridge filters to protect the RO membranes from any solids carry over
from the MF process and would also allow short periods of MF bypass for emergency
operation. The RO system will be fed by two horizontal, dry pit pumps. Flow is
boosted in a recycle step, internal to the RO system, by two booster pumps. Table 3-8
below presents a summary of the RO System components. Figure 3-5 shows a
photograph of a typical RO system.

Table 3-8
Summary of Reverse Osmosis System Components
RO System Component Description/Criteria
Design Output Flow Rate, mgd 1.7
Reject Rate and Flow, %/mgd 15/0.3
Reject Flow Disposition Disposal to Existing Plant Outfall
Design Flux Rate, gfd 8 (average)
Cartridge Filters 40 inch
Low Pressure (35 psi) Supply Pumps (horizontal, | 2 at 40 hp each

dry-pit type)
High Pressure (125 psi) Booster Pumps | 2 at 150 hp each
(horizontal, dry-pit type)

Membrane Type Polyamide
Chemical Anti-Scalant Feed System Storage tank and metering pumps
Sulfuric Acid Feed System Storage tank and metering pumps

Figure 3-5
Typical RO System

CDM 3-10
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3.4 Process Development and Analysis of Alternative

Disinfection Systems
Alternative disinfection systems evaluated for the Benicia reuse project included
chlorination using sodium hypochlorite and ultraviolet light disinfection. Recycled
water from the proposed Water Reuse Treatment System must meet disinfection
requirements for tertiary recycled water, proposed for use as cooling water supply, as
contained in Title 22, Division 4, Chapter 3 of the California Code of Regulations (Title
22).

For either chlorination or UV disinfection, Title 22 requires that the median
concentration of total coliform bacteria measured in the disinfected effluent shall not
exceed 2.2 per 100 milliliters over the prior seven-day test period, not exceed 23 per
100 milliliters in more than one sample in any 30-day period, and never exceed 240
total coliform bacteria per 100 milliliters. Title 22 requires that a chlorine disinfection
process must provide a CT (the product of chlorine residual and modal contact time)
value of not less than 450 milligram-minutes per liter at all times with a modal contact
time of at least 90 minutes, based on peak dry weather design flow. Generally, this
results in a design hydraulic residence time of 120 min. Title 22 requires
demonstration that alternative disinfection systems, such as UV, when combined with
the filtration process, inactivate and/or remove 99.999 percent (5 log inactivation or
removal) of the plaque-forming units of F-specific bacteriophage MS2, or polio virus
in the wastewater. In addition, the micro-filtration process must meet the Title 22
turbidity performance requirements for micro-filtration which require that the filtered
water does not exceed 0.2 NTU more than 5% of the time within a 24-hour period, and
0.5 NTU at any time.

The State Department of Health Services (DOHS) is responsible for approving UV
disinfection systems. All UV disinfection systems proposed for water reuse in
California must be validated under the 2003 NWRI/ AWW ARF Guidelines, which
contain extensive design criteria. Three types of UV systems were reviewed for
applicability to the Benicia water reuse project. Low Pressure, High Intensity (LPHI)
was selected owing to energy efficiency and applicability to the size of this project.

For each disinfection alternative (high intensity UV vs. chlorination using sodium
hypochlorite) conceptual designs were prepared and construction and O&M cost
estimates were developed. For the UV alternative some chlorination is also required
to prevent slime growths in the transmission pipeline. Table 3-9 summarizes the
present worth cost analysis of each alternative.
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Table 3-9
Summary of Present Worth Analysis for
Alternative Disinfection Systems
Chlorination uv
$1,000s $1,000s
Estimated Construction Costs $980 $1,070
35% Allowance for Engineering,
and CM Costs v ik
Total Estimated Capital Costs $1,320 $1,445
Estimated Annual O&M Costs $77 $85
PW of O&M Costs $880 $970
Total Estimated Present Worth $2,200 $2,415

Based upon the accuracy of this cost analysis, both alternatives are judged equal in
cost. Other qualitative factors, in particular water quality impacts, site impacts
(owing to limited available space and allowances for future plant modifications) and
ease of process control, favor UV over chlorination. Hence, UV was selected as the
process alternative for disinfection.

Table 3-10 presents a summary of the facilities for the UV disinfection system for the
project. The UV channel would be constructed of reinforced concrete and coated on
the interior to prevent the potential growth of bacteria and pathogens on the walls of
the channel. The UV channel will be covered to prevent the escape of the UV light,
which is a hazard to eyesight. The electrical transformers and other equipment
related to power and control will be located in a building. Figure 3-6 shows a typical
low pressure, high intensity UV module.

Table 3-10
Summary of Facilities for Low Pressure, High Intensity
UV Disinfection System
Item Description Criteria

Number of Channels 1
Total Number of Banks, duty/standby 2/1
Modules per Bank - b
Lamps per Module 8
Total No. of Lamps 120
No. of Design Dose Lamps 80
No. of Redundant Lamps 40
Power Draw per Lamp 250 Watts
Max Power Draw Duty Lamps 20 kW
Average Power Draw 17kW
Channel Dimensions

Length, ft 75

Width, in 21

Channel Depth, in 60

WO06/Reports/Benicia/Conceptual Design Repon
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Trojan UV 3000 Plus Low Pres-
sure High Intensity System —
Typical Module

Figure 3-6
Example of UV Equipment
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The concentrate (or reject) stream from the RO facility will be blended with the
remaining Benicia WWTP discharge to the Carquinez Strait. The levels of constituents
in the RO concentrate stream will be fives times higher than levels in the secondary
effluent that will feed the MF/RO treatment system. Figure 4-1 shows a simplified
flow diagram through the City’s Wastewater treatment plan (WWTP) and the
proposed Water Reuse Plant.

MF Washwater ) Blend Around
0.20

Influent Flow 1

to WWTP To Valero

Refinery

0.4 § Discharge

RO Concentrate
0.3

0.7 § Discharge to
Outfall

Note: Flows in mgd

Figure 4-1
Typical Flow Balance for 2.0 mgd Water Reuse Plant

Initial planning level estimates have projected that up to 0.3 mgd of concentrate could
be produced from the full-scale RO facility when operating at maximum capacity.
That would be blended and discharged with the remaining approximately 0.4 mgd
(minimum) of secondary effluent (i.e. a 43% blend).

Pilot-scale tests and laboratory analyses were performed to investigate the feasibility
of the blended discharge (RO concentrate and Benicia WWTP effluent) meeting
current NPDES discharge requirements and to characterize the following:

m Conventional Water Quality Parameters (BOD, TSS, pH, etc.)
m Trace Metals and other Priority Pollutants
m Acute and Chronic Toxicity

Several rounds of pilot tests were performed in order to generate RO permeate and
concentrate streams using a pilot-scale RO treatment system. The RO treatment
system was operated at high flux and high recovery rates, as listed in Table 4-1, to

4-1
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investigate the “worst case” scenario for the full-scale facility (i.e. to produce the
highest concentration of constituents in the RO concentrate stream).

Table 4-1
Pilot-scale RO Treatment System Operating Parameters
Parameter (Unit) Operating | Typical for Secondary
Recovery Rate (%) 85-87% 75-85%
Flux (gfd) 12 8-12
Feed Pressure (psi) 120-150 80-150

* Typical operating values from RO systems treating WWTP secondary effluent.

Figure 4-2 provides a schematic of the pilot-scale RO process. Samples of the RO
feedwater (secondary effluent), RO permeate and RO concentrate were collected for
lab analysis and toxicity tests.

Concentrate Permeate
Single RO .
Element
M = Flow Meter
Secondary
Effluent Cartridge Filter
Figure 4-2

Pilot Scale RO Treatment System Schematic

The results of the pilot tests and lab analysis indicated that the effluent discharge
blended with the concentrate should meet all permit requirements. Final results of
the pilot studies will be presented to the RWQCB staff to update them on the status of
the project. It is anticipated that only minor modifications will need to be made to the

CDM 42
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NPDES permit when it is reissued in December 2007 to accommodate the project. The
tirm of EOA is coordinating regulatory compliance matters and negotiations.

The remaining portion of this section summarizes the pilot-scale results and existing
NPDES requirements for regulatory compliance.

4.1 Water Quality Parameters

As expected, the results from the pilot testing indicated that levels of constituents (e.g.
TDS) in the RO concentrate can be up to 5 to 7 times the levels of constituents entering
the RO treatment system!.

Table 4-2 presents ranges of general water quality data measured during pilot-scale
tests conducted over the following time periods:

m Pre-test Demonstration -10/6/04

® Round 1-10/12/04 to 10/15/04
® Round2-1/18/05to 1/24/05
m Round 3-11/12/04 to 11/19/04
m Round 4-6/6/06to6/7/06
Table 4-2
Pilot Testing General Water Quality Parameters'”
i Secondary
Parameters Units Effluent RO Concentrate
Alkalinity mg/L-CaCOs3 210-300 1,300 - 2,000
pH - 7.4-8.1 8.0-8.4
TDS .mg/L 550-710 3,100-5,800
BOD mg/L nd - 20 nd - 48
TSS mg/L nd-10 nd - 38

" The data presented in table 2 are minimum and maximum values from analytical
analysis following all rounds of the pilot-scale testing.

Mass balance equations were used to simulate a blend of 43% RO concentrate and
57% effluent to predict levels of contaminants in the blended discharge. From the
results of the mass-balance analysis, it is anticipated that the actual combined
concentrate and effluent blends of the full-scale facility will meet the following key
treatment goals and limitations included in the current NPDES discharge permit
listed below:

! Five times the feedwater levels of constituents corresponds to the RO treatment system
operating at a recovery ratio of 85% and greater than 90% concentration by the RO
membrane element.

4-3

WO06/Reports/Benicia/Conceptual Design Report



Section 4

Regulatory Compliance and Pilot Testing

Discharge pH shall not exceed 9.0 nor be less than 6.0

Average BOD and TSS removal must be 85% or greater each calendar month

Fecal Coliform Bacteria:

1. Must not exceed a Most Probable Number (MPN) of fecal coliform bacteria
of 200 MPN /100 ml (calendar month geometric mean)

2. No more than ten percent (10 %) of all samples collected within each
calendar month shall exceed a fecal coliform bacteria level of 400
MPN/100 ml.

Discharge limits as listed in Table 4-3.

Table 4-3
Benicia WWTP NPDES Permit Discharge Limits
Conventional Units Monthly Weekly Dz?ily Instant_aneous
Pollutants Average Average Maximum Maximum
BOD mg/L 30 45 60 -
COD mg/L 25 40 50 --
TSS mg/L 30 45 60 -
Oil & Grease mg/L 10 - 20 --
Settleable Matter mbL/L-hr 0.1 -- 0.2 --
Chlorine Residual mg/L - - - 0.0

4.2 Trace Metals and Organics

The toxic substances regulated in the effluent discharge include trace metals, cyanide
and two organic pollutants. Table 4-4 lists discharge limits for toxic substances in the
current Benicia effluent discharge permit.

It is important to note that the pilot-scale results were obtained with direct RO

treatment of the secondary effluent and that the full-scale facility will provide lower
levels of conventional pollutants (e.g. BOD and TSS) by utilizing nitrifying trickling
filters and micro-filtration prior to RO treatment.

W06/Reports/Benicia/Conceptual Design Report

Table 4-4
Benicia WWTP NPDES Toxic Substance Discharge Requirements
. . . Monthly Interim Daily Interim Monthly
Constituent Units Daily Max Average Maximn Average
Cadmium ug/L 17.4 5.7 = =
Copper pg/L = = 32 -
Lead pg/L 45.7 17.3 == -
Mercury ug/L == N 1 0.087
Nickel ug/L 70 30.2 - -
Selenium pg/L 5 - 31 -
Cyanide pg/L < - - 25
Dieldrin pug/L 0.00028 0.00014 -- --
4,4-DDE ug/L 0.00119 0.00059 - -
4-4
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To investigate the impact of adding RO concentrate to the effluent before discharge,
the following analyses were performed during the pilot-scale testing to characterize
levels of trace metals and priority pollutants of concern in the RO concentrate
including the constituents listed above:

Daily Samples

Standard Minerals Package

Nitric Digestion for Metals (EPA 200.2)

Arsenic and Selinium by Hydride AA (SM 3114)

Cadmium, Copper, Lead, Nickel, Silver, Chromium, Zinc (EPA 200.8 ML)
Cyanide

Mercury (EPA 1631 ML)

Hexavalent Chromium (EPA 7196)

Fluoride (EPA 300.0)

Additional Samples Analyzed Each Round

PCB’s (608.ML)

Full Dioxin EQ (EPA 1613)

PAHs (EPA 610.ML)

VOAs (EPA 624.ML)

BNA (EPA 625.ML)

Pesticides (EPA 614.ML & 632.ML)
Tributyltin

The levels of most organics in the WWTP effluent are consistently below the detection
limit. The results from the pilot-scale testing showed that the levels of these organics
were still under the detection limit in the RO concentrate.

Results from the pilot-scale testing also showed that the levels of trace metals in the
RO concentrate are not anticipated to exceed discharge limits, as summarized in
Table 4-5. The values listed in Table 4-5 are based on measured concentrations for
secondary effluent and RO concentrate (maximum of two values for each pollutant)
from the Round 4 testing, which is considered the most representative of future
conditions. Three of the pollutants (Cu, Ni, CN) would trigger “reasonable potential”
under the current water quality objectives. However, all three objectives will likely be
superseded by site-specific objectives, which will be numerically higher, and no
compliance difficulties are anticipated.
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Table 4-5
Pilot Testing Trace Metal Results and NPDES Permit Limits

Secondary
Pollutant Effluent RO Concentrate g’;":gi‘: NPDES Limit

(RO Feed)

ug/l ug/l ug/l ug/l

Cadmium 0.015 0.10 0.05 5.7
Copper 2.8 17.7 9.2 32
Lead 0.20 1.0 0.54 17.3
Mercury 0.0051 0.021 0.012 0.087
Nickel 2.2 16.6 8.3 30.2
Selenium 0.36 1.6 0.88 31.0

4.3 Acute and Chronic Toxicity

Representative samples of the effluent and RO concentrate were collected to perform
three series of toxicity tests to demonstrate that the projected blend can meet NPDES
discharge limits for acute and chronic toxicity. The first and third rounds tested the

blended discharge of RO concentrate and Benicia WWTP effluent. The second round
included a blend of the RO concentrate and Valero effluent.

4.3.1 Acute Toxicity
The Benicia WWTP NPDES permit acute toxicity effluent limits are expressed as

follows:

The survival of bioassay test organisms in 96-hour bioassays of undiluted effluent shall be:
(1) an 11-sample median value of not less than 90 percent survival; and
(2) an 11-sample 90t percentile value of not less than 70% survival.

The acute toxicity tests consisted of parallel sets of static renewal tests, using the
City’s normal NPDES permit compliance test species: the freshwater Fathead
Minnow, an estuarine fish species Menidia beryllina (Inland Silversides Minnow), and
rainbow trout. The Menidia testing was conducted to test the hypothesis that the
elevated (five to seven fold) and/or altered relative concentrations of non-toxic
minerals (e.g., calcium, magnesium, chlorides) expected in the RO concentrate may be
a source of toxicity to freshwater fish species such as the Fathead Minnow. In the
Menidia testing protocol, the test solution (e.g., RO concentrate) has high quality salt

added to bring concentrations up to that approximating seawater.

Three sets of acute toxicity tests were performed using blends of the RO concentrate
and effluent; one during the first round of pilot-scale testing and two during the third
round (3A & 3B). Results from the acute toxicity tests are presented in Table 4-6. The
majority of tests showed 100% survival (i.e. no measurable toxicity). Survival results
in the 43% RO concentrate blend were nearly identical to those in the 100% effluent

WO06/Reports/Benicia/Conceptual Design Report
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for all three species tested. Based on these results, the blended discharge should meet
all acute toxicity requirements.

Table 4-6
Acute Toxicity Testing Results
96-hour Static Renewal Test Round 1 | Round 3A Round 3B

Fathead Minnow mean % survival

100% Benicia Effluent 100 100 100

9% RO Concentrate/Effluent Blend Not tested 100 . 100

43% RO Concentrate/Effluent Blend 95 100 100
Rainbow Trout

100% Benicia Effluent Not tested 100 100

9% RO Concentrate/Effluent Blend Not tested 100 100

43% RO Concentrate/Effluent Blend Not tested 100 100
Inland Silversides Minnow

100% Benicia Effluent 85 90 95

9% RO Concentrate/Effluent Blend Not tested 100 90

43% RO Concentrate/Effluent Blend 100 95 95

4.3.2 Chronic Toxicity

Two series of chronic toxicity tests were performed. The first round of pilot testing
used the Benicia NPDES permit compliance test species, Mytilus. Three additional
species were added in the third round of testing to confirm the results and to
determine whether other species might be more sensitive to the RO
concentrate/effluent blend than Mytilus.

Compliance assessment for the City is determined by calculating chronic toxic units
(TUc) as 100/EC25. The EC25 (EC=effective concentration) is a point estimate value
obtained by applying statistical analysis to the toxicity data (a best fit line for the
data), and is the modeled percent effluent concentration that would result in a 25%
reduction in normal development of the Mytilus when compared to the Control.

The Benicia NPDES permit does not have enforceable effluent limits for chronic
toxicity but instead has two “trigger values.” Accelerated monitoring is required after
exceeding either a three sample median trigger value of 10 chronic toxicity units (TUc)
or a single sample maximum trigger of 20 TUc or greater. Further toxicity reduction
evaluation (TRE) studies are required if the triggers continue to be exceeded during
the accelerated monitoring.

The results from the first and third testing rounds are presented in Table 4-7. (Results
from the second round are not presented since they primarily tested blends of Valero
effluent and RO concentrate.) The majority of tests showed < 1 TUc results (i.e. no
measurable chronic toxicity). Results in the 43% RO concentrate blend were nearly
identical to those in the 100% effluent for all four species tested. Based on these
results, the blended discharge should meet all chronic toxicity requirements.

4-7
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Table 4-7
Chronic Toxicity Testing Results
3 . Round 1 Round 3 Round 3
Chronic Toxicity (TUc) Test Growth % Survival Growth

Blue Mussel (Mytilus) TUc Value

100% Benicia Effluent 7.6 Not tested <1.0

9% RO Concentrate/Effluent Blend Not tested Not tested <1.0

43% RO Concentrate/Effluent Blend 8.1 Not tested 1.6
Opossum Shrimp

100% Benicia Effluent Not tested <1.0 <1.0

9% RO Concentrate/Effluent Blend Not tested 4.2 2.0

43% RO Concentrate/Effluent Blend Not tested <1.0 1.2
Inland Silversides Minnow

100% Benicia Effluent Not tested <1.0 <1.0

9% RO Concentrate/Effluent Blend Not tested <1.0 <1.0

43% RO Concentrate/Effluent Blend Not tested <1.0 <1.0
Giant Kelp

100% Benicia Effluent Not tested <1.0 <1.0

9% RO Concentrate/Effluent Blend Not tested <1.0 <1.0

43% RO Concentrate/Effluent Blend Not tested <1.0 <1.0

NPDES permit trigger values require accelerated monitoring if results are greater than:
- 10 TUc units for a three sample median OR
= 20 TUc units for a single sample

4.4 Conclusions

Based on the results of the toxicity tests performed and the analytical results of the
minerals, metals and other priority pollutants analyzed, the projected maximum
blend of 43% RO concentrate with 57% secondary effluent should not result in any
exceedances of the City’s current or likely future NPDES permit requirements.

Blended effluent trace metals concentrations will increase due to the addition of the
RO concentrate, however the total mass of metals (and organics) discharged to the
Bay will remain the same. Blended effluent concentrations will typically be lower than
shown by the mass balance calculations, given that effluent flows will be higher (i.e.
more blending volume) than the conservative value used in the calculations.

CDM 48
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Section 5

Summary of Conceptual Design of
Recycled Water Treatment Facilities

5.1 Process Schematic Diagram

Figure 5-1 presents the process schematic diagram for the recycled water treatment
system. As shown in the schematic, secondary effluent flow will be equalized in the
multi-purpose basins and conveyed to the nitrifying trickling filters (NTFs) for
ammonia reduction. From the NTFs the water will be pumped through micro-
filtration and reverse osmosis with a 15% blend of MF filtrate around the RO process.
Before pumping to Valero the recycled water will undergo ultra-violet (UV)
disinfection to meet regulatory requirements for use of recycled water in cooling

towers. The high-lift pump station will convey the recycled water to Valero.

5.2 Conceptual Site Plan

Figure 5-2 shows the conceptual site plan and location of proposed recycled water
treatment facilities on the City’s WWTP site. The MF and the RO systems will be
located either in separate buildings, as shown, or in one building. Such details will be
analyzed and determined in the preliminary design phase. Chemical storage tanks
will have full secondary containment and will be located for easy access for chemical
deliveries. Disinfected water from the UV system will flow directly into the recycled
water pump station.

5.3 Summary of Process Design Criteria

Based on the overall project design objectives and criteria presented in the prior
sections, a summary of process design criteria was developed and is presented in
Table 5-1 below.

Table 5-1
Summary of Process Design Criteria

ltem ) Criteria
System Output Design Capacity, mgd 2.0
Secondary Effluent Pumping
Pumping Range, mgd 1.0t0 3.5
Flow Equalization
Existing Multi-Purpose Basins Storage Capacity, mg 0.4
Secondary Effluent Transfer Pump System
Design Flow, mgd 2.55
Pumps, duty/standby, capacity 2.55
Pump Type TBD
Biological Nitrification System
Design Flow, mgd 255
Influent Ammonia Concentration, mg/L 30
NTF Effluent Ammonia Concentration, mg/L 2to 3
Kinetic Temperature, degrees C 17
Recycle Ratio, % 50
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Table 5-1
Summary of Process Design Criteria
Item Criteria
Nitrifying Trickling Filters, number 2
Size, diameter x media depth, ft/ft 42/12
Media Type Cross Flow
Media Specific Surface Area, sf/cf 45
Process Air Supply
Centrifugal Blowers, number per NTF 4
Blower Capacity, scfm (each) 1,500
NTF Pumping System :
Design Flow, mgd (includes influent + recycle) 3.85
Pump Type Vertical, Mix Flow
Number of Pumps, duty/standby 21
Pump Capacity, flow in gpm x head in ft 1350 x 25
Motor Horsepower, hp each 15

NTF Alkalinity Supply System

Chemical Type

Sodium Hydroxide

Chemical Strength, % 30
Commercial Bulk Density at 30%, Ibs Ca(OH)2/gal 3.4
Bio-Kinetic Replacement, Ibs alkalinity per Ibs ammonia 7.2
Estimated Caustic Dose, mg/L 52
Estimated Volume Caustic, gal/day 330
Estimated Storage Volume

Micro-Filtration System

Design Output Flow Rate, mgd 2.3
Turbidity Process Performance, NTU 0.2 no > 5% in 24-hr
Reject Rate and Average Reject Flow, %/mgd 10/0.25
Reject Flow Disposal: To Plant Head Works

MF System Type Pressure
Motor Operated Strainers 2 at 2 hp each
Supply Pumps (horizontal, dry-pit type) 2 at 40 hp each
Air Supply System: 15 hp compressor and receiver tank

MF Membrane Type: Polypropylene or polyvinyldene fluoride (PVDF)

Number of MF Modules 460 to 330"
Surface Area, sf/module 250 to 350"
MF Flux Rate, gfd 25 to 40"

MF Banks

Minimum of 3"

Chemical Clean-in-Place System for MF Membranes: Acid & Hypochlorite Feed Pumps and

Storage with Containment

Potential Manufacturers To Be Considered Include: Pall, Norit and US Filter

Reverse Osmosis (RO) Demineralization System

Design Output Capacity Flow Rate, mgd 1.7
MF Blend Around Flow Rate, mgd 0.3
Reject Rate and Flow, %/mgd 15/0.3
Reject Flow Disposal: To Existing Plant Outfall

Cartridge Filters, number/size, inch 2/40
Average Design Flux Rate, gfd 8

RO Membrane Type Polyamide
Number of RO Elements 520
Surface Area, sf/element 400

Number of RO Banks

)

Number of Elements/Bank

&)

Low Pressure Supply Pump System

Type of Pumps

Horizontal, Dry-Pit

Number of Pumps, duty/standby 11
Design Pressure, psi 35
Motor Horsepower, hp ea 40

WO06/Reports/Benicia/Conceptual Design Report
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Section 5

Summary of Conceptual Design of Recycled Water Treatment Facilities

Table 5-1
Summary of Process Design Criteria
. Item Criteria
High Pressure Booster Pump System

Type of Pumps

Horizontal, Dry-Pit

Number of Pumps, duty/standby i1
Design Pressure, psi 125
Motor Horsepower, hp ea 150
Chemical Anti-Scalant Feed System

Sulfuric Acid Feed System

UV Disinfection System )

Type of UV System: Low Pressure, High Intensity

Number of Channels 1
Total Number of Banks, duty/standby 21
Modules per Bank 5
Lamps per Module 8
Total No. of Lamps 120
Power Draw per Lamp 250 Watts
Max Power Draw Duty Lamps 20 kW
Average Power Draw 17kW
UV Channel Dimensions, LxWxD, ft/in/in 75/21/60
Potential Manufacturers to be Considered: Trojan, IDI/Ondeo and Wedeco
Breakpoint Chlorination System

Blended RO/MF Ammonia Concentration, mg/L 0.4
Target Recycled Water Ammonia Concentration, mg/L 0.1
Stoiciometric Reduction of Ammonia by Chlorine, mg/mg 7.5
Desired Chlorine Residual, mg/L 2
Estimated Chlorine Dose, mg/L 5
Form of Chlorine Chemical: Sodium Hypochlorite

Commercial Strength of Sodium Hypochlorite, % | 125

Full Chemical Strength of Sodium Hypochlorite at 12.5% is one Ib of chlorine per gal

Estimated Volume of Hypochlorite, gal/day 83
Estimated Hypochlorite Storage Volume Required, gal

Hypochlorite Feed Pumps, duty/standby 11
Hypochlorite Feed Pump Capacity, gal/hr 2to5
Design Hydraulic Residence Time (HRT), min 10
Required Contact Tank Volume, gallons 14,000

™ Depends on manufacturer

WO0&/Reports/Benicia/Conceptual Design Report
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Section 6
Recycled Water Conveyance System

6.1 Introduction

The conveyance system that will deliver recycled water from the Benicia WWTP site
to the Valero Refinery will consist of a pump station at the WWTP, a pipeline
approximately 14,000 feet in length and a “break tank” storage facility at the Refinery.
Beginning at the WWTP the pipeline will travel from a new, high-lift recycled water
supply pump station (RWSPS) to the Valero “off site” dock line right-of-way in the
vicinity of East 7th Street and “H” Street. The pipeline will follow the abandoned
Valero dock lines northerly for about 9,000 feet to the refinery property line. Within
the refinery the pipeline will follow Avenue “E” South, then up a vertical rise (known
as a “waterfall”) to Avenue “F” to the cooling towers.

The existing Valero dock lines are attached to above-grade structural steel frames,
known as “sleepers.” An evaluation compared the cost of rehabilitating existing dock
lines versus constructing new piping and it was determined that it was more cost-
effective and reliable to install a new, 14-inch pipeline, rather than rehab portions of
the existing dock lines. Within the refinery, new pipeline will be constructed on
vertical extensions to the existing pipeline “sleepers” that parallel Avenues “E” and
“F.” The break tank would be located near the cooling towers. The capacity of the
break tank is to be determined, but it is anticipated that the capacity will be equal to 4
to 6 hours of recycled water flow.

6.1.1 Overview of Conveyance Pipeline Profile

Valero provided CDM with copies of plan and profile drawings of the “off-site” dock
lines as well as information about the pipe material, pressure class and wall thickness.
Valero also provided information on the elevation of the existing pipeline sleepers
within the refinery. Using this information, CDM developed a preliminary profile of
the pipeline from the City’s WWTP to the cooling towers. The profile begins at the
City’s WWTP near elevation zero and reaches a high point approximately one mile
northerly along the alignment at approximate elevation 201. The pump station at the
WWTP will be located at approximate elevation zero. Hence the static lift will be
about 200 ft. The terminal point of the pipeline will be at the cooling water
recirculation channel located adjacent to the refinery cooling towers at elevation 95.

6.2 Recycled Water Pump Station

The recycled water pump station will consist of three (2 duty/1 standby), vertical
turbine pumps mounted over a clearwell. The clearwell will be constructed of
reinforced concrete and the pumps will not be housed in a building. Table 6-1
presents the major components and design criteria for the pump station.

6-1
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Section 6
Recycled Water Conveyance System

6.2.1 Instrumentation, Control, Monitoring and Sampling
6.2.1.1 Pump System Control

The RWSPS pumps will be automatically controlled by a programmable logic
controller (PLC), based on water level in the clearwell. In that way, RWSPS will match
the production rates of the water reuse treatment plant, which will be controlled to
match daily demand. The pumps will also be able to be controlled to pump at a
selected flow rate by setting a specific rate through a PLC. Manual pump start and
stop and speed control will also be provided at the PLC.

Control interlocks with other systems will be as follows:

= All of the RWSPS pumps will be automatically stopped on high level in the break
tank at Valero to avoid overfilling the tank.

s All of the RWSPS pumps will be automatically stopped on high micro-filtration
effluent turbidity conditions.

= All of the RWSPS pumps will be automatically stopped on detection of critical
alarm conditions at any of the upstream treatment processes.

s Under any of the hydraulic or process performance alarm conditions that would
shut down the pumps, the recycled water would be routed to the City’s outfall
until the alarm conditions have been addressed and cleared.

6.2.1.2 Monitoring

The following monitoring provisions will be incorporated into the pump station
design: '

s Water level in the clearwell will be continuously monitored using an ultrasonic
level sensor, with separate float switches for high and low level alarms in the event
of failure of the level sensor. The water level signal will be used for pump control
as described above.

= A magnetic flow meter will be provided on the pump discharge header to measure
- pump flow rate. The flow signal will be used for regulatory and recycled water
inventory recordkeeping, for RWSPS monitoring and for pump control as
described above. :

m A pressure transducer will be provided on the recycled water discharge header to
continuously measure header pressure for the purposes of monitoring pump
operation and head conditions in the transmission system.

m A locally indicating pressure gauge will be provided on the discharge header and
on each pump discharge.

WO08/Reports/Benicia/Conceptual Design Report



Section 6
Recycled Water Conveyance System

6.2.1.3 Sampling

A refrigerated automatic composite sampler may be required for regulatory sampling.
The RWQCB may require the City to sample and report the quality of recycled water
leaving the City’s property. The sampler would draw from the recycled water
discharge header and would be flow paced from the RWSPS flow meter. An on-line
ammonia analyzer will be provided to warn of ammonia concentrations exceeding the
water quality requirements.

Table 6-1
Recycled Water Pump Station
v Preliminary Design Criteria
Component [ Units | Criteria
System Pumping Requirements
Design Capacity mgd 2.0
Design Capacity gpm 1,400
Design Total Dynamic Head ft 250
Static Head ft 200
| Pump Units ‘
Type Vertical Turbine
Number, Total/Duty/Standby 3/2/1
Design Capacity per Pump 700
Design TDH per Pump ft 255
Min. Efficiency at Design Point % 82
Stages per Pump No. : 4
Pump Operation Variable
Minimum Speed rpm TBD
Pump Motors
Type TEFC, w/ noise control enclosures
Size, each unit hp 60
Drive Type VFD
Synchronous Speed pm 1,800
Power Supply 480-V/3-phase/60Hz
Pump Discharge Piping
Diameter inch 8
Velocity at Design Flow fps 4.43
Pumps Discharge Header Piping
Diameter inch 14
Velocity at Design Flow fps 2.90
Discharge Flow Metering
Type Magnetic or Sonic
Size inch 10
Velocity at Design Flow Rate fps 5.67

6.3 Recycled Water Conveyance Pipeline

Figure 6-1 presents a map of the recycled water transmission pipeline and Figure 6-2
show the preliminary hydraulic profile. Table 6-2 presents the details of the pipeline
for each segment from the City’s WWTP to the Valero Refinery. The pipe would be
constructed of cement mortar lined steel pipe. Where the pipe is buried, it will be
cement mortar coated and taped. The coating system for pipe installed on sleepers is
to be determined. Joints will be welded.

6-3
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: Section 6
Recycled Water Conveyance System

Line isolation valves will be installed about every 2,000 feet to isolate sections for
maintenance and/or repairs. Blow down valves will be located at low points to either
drain the line or to “blow down” residual solids, which are unlikely to occur given the
high level of treatment. Air inlet and vacuum relief valves will be installed at critical
high points to control the potential effects of high pressure and hydraulic transients.

Table 6-2
14-Inch Recycled Water Conveyance Pipeline from
Benicia WWTP To Valero Cooling Towers
: From Estimated
System Component Sta To Sta Quantities, ft
Segment No. 1: Sta 0+0 @ Benicia WWTP to Sta 17+75 @
connection to sleepers. Construct new buried pipeline 0 i 1775
Segment No. 2: Sta 11+45 @ start of sleepers to Sta 24+60 @
start of existing, buried 12-in lines. Construct new pipe on 1145 2460 1315
existing sleepers
Remove Dock Line No. 3 from sleepers in Segment No. 2 1315
Segment No. 3: Sta 24+60 to Sta 30+00 end of existing,
buried 12-in lines. Rehabilitate and connect to 2, existing 12-in 2460 3000 540
lines
Segment No. 4: Sta 30+00 to Sta 32+20 at the “Y” plus
additio?ual 30 fi. Construct new, 14-in pipe on existing sleepers 008 w0 i
Remove Dock Line No. 3 from sleepers in Segment No. 4 220
Segment No. 5: Sta 34+68 at the “Y” to Sta 42+15, end of
where existing 12-in DL has been removed. Construct new, 3468 4215 747
14-in pipe on existing sleepers
Segment No. 6: Sta 42+15 to Sta 85+20, end of existing,
abandoned 12-in DL. Construct new, 14-in pipe on existing 4215 8520 4305
sleepers
Remove abandoned pipe from sleepers in Segment No. 6 4305
Segment No. 7: Sta 85+20 to. Sta} 105+00,_ approx1mate Valero 8520 10500 1980
PL. Construct new, 14-in pipe on existing sleepers.
Segment No. 8: Sta 105+00 to Sta 140+00, approximate
location of cooling towers. Construction new, 14-in pipe on 10500 14000 3500
extensions to existing sleepers.
6-inch Air Inlet and Vacuum Release Valves Located at High Points 4
2-inch Air Inlet and Vacuum Release Valves 5
6-inch Blow Down Valves (BV’s) Located at Low Points 6
In-Line Isolation Valves (BV’s) Located at 2,000 ft intervals 7

CDM 6-4
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Section 7
Estimated Project Costs

The purpose of this section is to briefly summarize the estimated capital and annual
operating costs for the Water Reuse project. Before presenting these costs, the
assumptions used in developing these costs are described.

7.1 Bases for Cost Estimates
7.1.1 Construction Cost Estimates

Foundations — Owing to the poor soil conditions (Bay mud) in the area available for
the Project, it will be necessary to place new structures on pile foundation systems.
Based on review of the Geotechnical Engineering and Environmental Services
Report, dated 15 July 1997 and prepared by Harza Engineers for the City’s 1998
WWTP Improvement Project, pre-cast concrete piles, driven to an approximate depth
of 70 feet have been assumed. Conceptual design estimates were made of the
number of piles per structure, plus mobilization and demobilization.

Structural — Water bearing tanks, channels, wet wells and the like were assumed to
be constructed of cast-in-place reinforced concrete.

Civil - Civil site work costs were estimated at 20% of structural costs (excluding
foundation costs) to cover site preparation, grading, paving and minor site piping.
Major piping was estimated separately based on unit prices from other applicable
projects.

Mechanical - Budgetary estimates for mechanical equipment were obtained from
vendors and/or were based on experience from other recent similar projects.

Electrical - Electrical costs were estimated at between 30 to 50 percent of the
mechanical equipment cost based on complexity of the systems and on experience
with construction of similar systems. Site electrical power was separately estimated
based on supplying power to the Water Reuse Project through the plant’s existing
electrical service and running separate conduit and cable to a new substation at the
site of the project. Power consumption for the project would be separately metered.

Instrumentation - Instrumentation will be required for process monitoring and
control and for connection to the plant SCADA system. Typical instrumentation
includes monitoring of water levels, flow rates, total dissolved solids, ammonia,
turbidity, chlorine residual, pH, UV transmittance, and others. Monitoring of data
available from the manufacturer-furnished control panels will also be provided. The
instrumentation costs were estimated at 20 percent of mechanical equipment cost.

7-1

W06/Reports/Benicia/Conceptual Design Report



Section 7
Estimated Project Costs

7.1.2 Operating and Maintenance Cost Estimates

Electrical Power Cost — Electrical power costs used were $0.12/kWhr, which is based
on the average unit price for power at the WWTP for one winter month and one
summer month.

Labor Cost — Labor cost was assumed at $50/hr, which includes City’s normal
general and administrative overhead. Administrative labor costs were estimated at
15% of the direct operations and maintenance costs for management and supervision.

Equipment Repair and Replacement — An allowance of two percent (2%) per year of
the estimated construction cost of major mechanical and electrical equipment was
made to establish a sinking fund to repair and replace major items of equipment.

Chemicals — Costs of sodium hypochlorite, sodium hydroxide and sodium bisulfite
were obtained from City WWTP staff for actual cost paid for these chemicals. Cost
for other chemicals (sulfuric acid, ascetic acid and antiscalants) were obtained from
suppliers.

Other Consumables — Cost of other consumables, such as replacement membranes,
cartridge filters, UV lamps and ballasts were obtained from the respective equipment
vendors. Those estimated costs are presented within the estimate of each system.

Special Maintenance — Many WWTPs contract out for special maintenance services
for electrical and instrumentation systems. An allowance for a special maintenance
contract was made in the amount of $50,000, based on experience from a similar
plant.

7.2 Estimated Construction and Capital Costs

Using the cost bases describe above, construction costs were estimated for the various
unit processes. The capital cost of a project includes both the initial construction cost
plus all “soft costs” that are required to implement the project. These soft costs include:
engineering, construction management, administration, environmental compliance,
acquisition of permits and financing costs. Other assumptions used in developing the
project capital cost estimates are:

CDM'’s previous capital cost estimates are presented in the technical memoranda that
are found in the appendix. These estimates were prepared in late 2004 and early
2005. They have been adjusted to account for higher than anticipated construction
cost escalation in 2005 and 2006.

Estimates include the cost for a “break tank” at Valero sized for 6 hrs of storage at the
water reuse plant flowrate.

Estimates include 25% for engineering design and construction management, 25% for
contingencies, and $1 million for the preliminary engineering, water quality testing,

7-2
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Estimated Project Costs

and environmental planning costs that will be completed prior to the start of
engineering design.

® The project will be bid in May, 2008.
® The contractor will price the project to the mid-point of construction (May 2009).

m Construction cost escalation between October 2006 and May 2009 will range between
6% and 12% annually.

Tables 7-1, 7-2, and 7-3 present a summary of the estimated capital costs for projects
with production capacities of 2.0, 1.5 and 1.0 mgd, respectively.

Table 7-1
Summary of Estimated Capital Cost
2.0 mgd Water Reuse Project
Cost
Component ($ millions)
Microfiltration/Reverse Osmosis Systems $11.05
Civil/Electrical Site Work $0.87
UV Disinfection System $1.18
Recycled Water Pump Station $0.54
Pipeline $2.26
Nitrifying Trickling Filters $2.29
Valero break tank, 0.5 MG $0.50
Subtotal $18.68
Engineering and CM at 25% $4.67
Subtotal $23.35
Contingency at 25% $5.84
Costs for preliminary engineering, water quality $1.00
testing, and environmental planning
Total Cost based on Oct. 2006 $30.18
Total Capital Cost, assuming 6% annual $34.92
inflation to mid-point of construction in May
2009 (2.5 yrs)
Total Capital Cost, assuming 12% annual $40.14
inflation to mid-point of construction in May
2009 (2.5 yrs)

CDM 7-3
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Estimated Project Cost
Table 7-2
Summary of Estimated Capital Cost
1.5 mgd Water Reuse Project
Cost
Component ($ millions)
Microfiltration/Reverse Osmosis Systems $8.91
Civil/Electrical Site Work $0.84
UV Disinfection System $1.09
Recycled Water Pump Station $0.50
Pipeline $2.07
Nitrifying Trickling Filters $2.06
Valero break tank, 0.38 MG $0.38
Subtotal $15.84
Engineering and CM at 25% $3.96
Subtotal $19.80
Contingency at 25% $4.95
Costs for preliminary engineering, water quality $1.00
testing, and environmental planning
Total Capital Cost based on Oct. 2006 $25.75
Total Capital Cost, assuming 6% annual $29.80
inflation to mid-point of construction in May
2009 (2.5 yrs)
Total Capital Cost, assuming 12% annual $34.25
inflation to mid-point of construction in May
2009 (2.5 yrs)
Table 7-3
Summary of Estimated Capital Cost
1.0 mgd Water Reuse Project
Cost

Component ($ millions)
Microfiltration/Reverse Osmosis Systems $6.13
Civil/Electrical Site Work $0.69
UV Disinfection System $1.00
Recycled Water Pump Station $0.50
Pipeline $2.07
Nitrifying Trickling Filters $1.67
Valero break tank, 0.25 MG $0.25
Subtotal $12.31
Engineering and CM at 25% $3.08
Subtotal $15.38
Contingency at 25% $3.85
Costs for preliminary engineering, water quality $1.00
testing, and environmental planning
Total Capital Cost based on Oct. 2006 $20.23
Total Capital Cost, assuming 6% annual inflation $23.40
to mid-point of construction in May 2009 (2.5 yrs)
Total Capital Cost, assuming 12% annual inflation $26.90
to mid-point of construction in May 2009 (2.5 yrs)
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7.3 [Estimated Annual Operation and Maintenance Costs

The annual O&M costs of the project include power, labor, chemicals, and replacement
of consumables (e.g., membranes, UV lamps, etc). Labor estimates were based on
experience with other operations at plants, available guidelines and discussions with
existing Benicia Plant operations staff. The replacement costs for major consumables
were based on manufacturers’ recommendations and éxperience with other projects.

A summary of estimated annual O&M costs is presented in Tables 7-4, 7-5, and 7-6.

Table 7-4
Estimated Annual O&M Costs of 2.0 mgd Water Reuse Project
Item NTF's MF RO uv Pumping Admin Totals
Chemicals $91,000 $56,300 $68,600 $19,600 $0 $35,300 $270,800
Power $26,700 $44,500 $151,000 $17,700 | $108,300 $52,200 $400,400
Consumables $0 $63,500 $61,100 $16,700 $0 $21,200 $162,500
Equipment R/R $18,400 $20,100 $23,200 $15,600 $9,200 $13,000 $99,500
Labor $28,800 $68,800 $48,800 $38,000 $23,900 $31,200 $239,500
E and 1&C Maint. $0 $20,000 $10,000 $11,000 $3,000 $6,000 $50,000
Total $164,900 | $273,200 $362,700 | $118,600 | $144,400 | $158,900 | $1,222,700
Table 7-5
Estimated Annual O&M Costs of 1.5 mgd Water Reuse Project Capacity
NTF's MF RO uv Pumping Admin Totals
Chemicals $68,300 | $42,200 $51,500 $14,700 $0 | $26,500 $203,200
Power $20,000 | $33,400 $113,300 $13,300 $81,200 | $39,200 $300,400
Materials $0 | $47,600 $45,800 $12,500 $0 | $15,900 $121,800
Equipment R/R $17,460 | $20,080 $17,300 $14,300 $8,500 | $11,600 $89,240
Labor $28,800 | $68,800 $48,800 $38,000 $23,900 | $31,200 $239,500
E and I&C Maint $0 | $20,000 $10,000 $11,000 $3,000 $6,000 $50,000
Total $134,560 | $232,080 $286,700 | $103,800 | $116,600 | $130,400 $1,004,140
Table 7-6
Estimated Annual O&M Costs of 1.0 mgd Water Reuse Project Capacity
NTF's MF RO uv Pumping Admin Totals
Chemicals $45,500 | $28,200 $34,300 $9,800 $0 | $17,700 $135,500
Power $13,400 | $22,300 $75,500 $8,900 $54,200 | $26,100 $200,400
Materials $0 | $31,800 $30,600 $8,400 $0 | $10,600 $81,400
Equipment R/R $15,960 | $20,080 $11,600 $12,700 $8,500 | $10,300 $79,140
Labor $28,800 | $68,800 $48,800 $38,000 $23,900 | $31,200 $239,500
E and 1&C Maint $0 | $20,000 $10,000 $11,000 $3,000 $6,000 $50,000
Total $103,660 | $191,180 $210,800 $88,800 $89,600 | $101,900 $785,940

WO06/Reports/Benicia/Conceptual Design Report
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Figure 7-1 shows graphic distribution of the estimated annual O&M cost for a 2 mgd
capacity plant. Labor costs make up approximately 33% of the estimated O&M costs
and power and chemicals each make up about 25%.

$50,000 -

$239,500 270,800 @ Chemicals I

w TN m Power ‘

‘ — 0O Materials

$99,500 O ER&R [l
G’ j m Labor j 1
$162,500 $400,400 | Eand 1&C Maint

Total Estimated Annual O&M $1.22 M

Figure 7-1
Distribution of Estimated O&M Costs for 2.0 mgd Capacity Project

7.4 Estimated Cost of Recycled Water Production

Based on the estimated O&M costs presented in Tables 7-4, 7-5, and 7-6, the unit cost of
producing and delivering recycled water to Valero was calculated for plant
productivity ratios of 75% and 100%. Labor, materials, equipment repair/replacement
and special electrical & instrumentation cost remain constant and independent of flow.
Chemical and electrical power costs vary nearly directly proportional to flow. Based on
those assumptions, the unit costs are shown in Table 7-7. For example, the unit cost for
a 2 mgd plant varies from $530/acre foot (AF) at 100% productivity (basically,
24/7/365) up to $630/AF at 75% productivity. These estimates do not include the
amortization of capital costs.

Table 7-7
Cost of Producing Recycled Water'”
($/Acre ft)
Percent Productivity 2 mgd Plant 1.5 mgd Plant 1.0 mgd Plant
Production Capacity Production Capacity Production Capacity
100" $546 $597 $701
75" $630 $689 $809

"'Do not include amortized capital costs.
® 24/7/365 operation at 100% capacity.
® For example, 24/7/365 at 75% capacity.

W06/Reports/Benicia/Conceptual Design Report
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Section 8
Project Schedule

8.1 Project Schedule

Figure 8-1 contains an updated project milestone schedule. As shown therein, the
ongoing CEQA compliance process is the primary current project activity. The CEQA
consultant projects that a mitigated negative declaration can be certified about
February 2007. Until such certification, it may not be prudent to move forward with
final design as there could be changes. Although not shown, another major issue
affecting the schedule is the availability of project funding, which will determine the
design output capacity of the Project.

Based on the information currently available it appears that the project could be
operational and delivering recycled water in the second quarter of 2010.

CDM 8-1
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BENICIA WATER REUSE PROJECT

Technical Memorandum 1 — Evaluation of Alternative Reuse
Treatment Systems and Ammonia Removal Options

To: Chris Tomasik, City of Benicia
Cc: PURE Members

Date: 7 September 2004

EXECUTIVE SUMMARY

The objective of this TM is to develop and evaluate alternative treatment approaches that will
achieve the cooling water quality objectives of the Valero Refinery and that will minimize
toxicity impacts to both the City’s and Valero’s wastewater discharges. A key issue in
minimizing toxicity impacts is the effective removal and handling of ammonia from the City’s
wastewater. The most critical water quality criteria from a cooling water perspective relate to
ammonia, silica, chloride and hardness. The water quality criteria were updated based on
discussions with key Refinery staff. Using updated water quality criteria, three reuse
treatment systems were developed and evaluated, as follows:

®* Micro-Filtration followed by Reverse Osmosis (MF/RO) both total stream and split
treatment

= MF followed by Nano-Filtration
= Granular Media Filtration followed by Electrodialysis Reversal

Based on the projected concentrations of water quality constituents in the product water from
each of the three alternatives, it was determined that only the ME/RO treatment system could
meet the cooling water quality objectives. A split-treatment approach, consisting of 85% RO
treatment and a 15% “bypass” of filtered wastewater will meet the cooling water quality
objectives and will save costs. It was further determined that ammonia removal in addition to
that achieved by the MF/RO split process would be required to meet the ammonia criteria of
less than 0.2 mg/L.

Alternative ammonia removal treatment systems were evaluated. The method of ammonia
removal has not only cost implications but also toxicity impacts. Two ammonia removal
methods were evaluated as follows:

* Ammonia removal by the reuse treatment processes

= Biological conversion of ammonia to nitrate at the City’s WWTP
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Ammonia removal by the MF/RO treatment system would result in an ammonia
concentration of about 5 to 6 mg/L in the blended permeate. Hence, additional treatment of
the permeate is required to meet the cooling water ammonia criteria of less than 0.3 mg/L. It
was determined that a selective ion exchange process would be the most appropriate method
to meet this final ammonia concentration criterion. Ammonia removal by the MF/RO
treatment system would also create a concentrate stream with a very high concentration of
ammonia in the range of 170 to 250 mg/L. This concentration would pose a serious toxicity
problem for discharge with either the City’s or Valero’s effluent. There would also be a high
concentration of ammonia in the smaller brine stream from the ion exchange process on the
permeate. Thus, the ammonia from this combined concentrate and brine stream would need
to be significantly reduced. The preferred alternative for accomplishing the required
reduction would be a separate, 0.3 mgd biological nitrification treatment system, which
would convert the ammonia to nitrate. An ion exchange system for the MF/RO permeate
plus a biological nitrification treatment system for the concentrate and brine stream would
have a capital cost of approximately $2.1 million. (Note: in this TM capital cost is defined as
the sum of construction costs, change orders, engineering and construction management.)

Due to these high costs and the significant operation and maintenance requirements of
removing ammonia from the MF/RO permeate and concentrate, it was determined that
biological removal of ammonia at the City WWTP should be pursued. Hence, four options
for biologically nitrifying the wastewater at the City WWTP were developed and evaluated.
These included modifying the existing activated sludge (A/S) process, modifying the existing
rotating biological contactors (RBC’s) and combinations of both.

The estimated capital costs for these options range between $1 million and $1.8 million for the
City’s WWTP total build out flow of 4.1 mgd.

Based on the evaluations conducted in the development of this TM, CDM has drawn the
following conclusions:

= The only technically feasible method to achieve the water quality requirements
established by Valero for its cooling water is by the MF/RO treatment option.

= [t is more cost-effective to remove ammonia by biological nitrification at the City’s
WWTP than to utilize additional treatment processes to the reuse treatment system of
MF/RO. ‘

Based on the above conclusions, CDM makes the following project recommendations:

= Adopt biological nitrification at the City’s WWTP as the method of ammonia removal
to meet water quality criteria. CDM will work with City’s Treatment Plant staff to
further refine the nitrification process selection.

= Direct CDM to begin conceptual design of the MF/RO split treatment system, using
an approximate blend of 85% RO with 15% filtered wastewater.
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= Direct CDM to implement the small scale pilot testing (Task 2A) using the MF/RO
split treatment system.

DEVELOPMENT AND EVALUATION OF ALTERNATIVE REUSE
TREATMENT PROCESSES

As part of the initial project planning in 2002, Valero evaluated the potential uses for the
reclaimed water and the associated water quality criteria. Valero determined that the cooling
make-up water was the most significant need, and that the reclaimed water quality mineral
content should be equal to or less than the existing raw water obtained from the City of
Benicia Lake Herman or North Bay Aqueduct (NBA) supplies. The critical characteristics of
the existing raw water source are: no detectable ammonia, average silica concentration < 17
mg/L, conductivity less than 500 us/cm (approximately 250 mg/L TDS), chlorides less than
20 mg/L and total hardness between 50-150 mg/L.

The three membrane process alternatives identified in the CDM scope of work are shown
schematically in Figure 1. CDM did a thorough evaluation of each process alternative, which
included discussions with the equipment manufacturers and desk-top engineering analysis.
Each alternative produces treated water with different concentrations of the critical cooling
water parameters identified by Valero. Table 1 summarizes the water quality from each
membrane alternative, and illustrates that the reverse osmosis process (RO) produces a
permeate with a very low TDS that is less than 50 mg/L. The permeate from the RO process
meets all the Valero cooing water quality criteria except that for ammonia, which can be
achieved using breakpoint chlorination after the RO process. The TDS from the nanofiltration
process is approximately 300 mg/L, but the concentration of chloride is greater than the
criteria proposed by Valero. The EDR process produces a permeate with a TDS less than 150
mg/L, but the process doesn’t reduce silica to an acceptable concentration.

As a result of the limits for chlorides and silica, CDM concluded that the only feasible reuse
treatment process is MF/RO.

The TDS of the permeate from the RO process is significantly lower than Valero’s current
cooling water, and as a result, is very corrosive. By using a split treatment approach (i.e.,
routing a small percentage of the MF filtered effluent from the City’'s WWTP around the RO
process and then blending it back with the RO permeate), the cooling water that is produced
is similar in TDS to the existing supply and is less corrosive. This approach has the added
benefit of reducing the capacity of the RO membrane process needed to produce 2 mgd of
cooling system make-up water for the Valero Refinery.

A blend of 85% RO permeate and 15% MF filtered wastewater produces a product water with
a TDS of 120 mg/L and chloride concentration of approximately 21 mg/l. Table 2 presents a
comparison of the blended water quality characteristics and the Valero cooling water quality
limits. This blended water has a significantly lower TDS and silica concentration than the
current supply, which will reduce overall mineral build-up in cooling water system.
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Table 1
Treated Water Comparison
Water Quality Assumed Valero Microfiltration Microfiltration Electro-
Parameter WWTP Effluent | Water Quality Reverse Nanofiltration Dialysis
Water Quality Limits Osmosis Permeate Reversal
L Permeate mg/L mg/L
mg/L mg/L
Cations
- calcium 25 0.5 4 0.8
- magnesium | 18 0.3 3 0.2
- sodium 130 10 80 7
- potassium 18 2 14 0.2
- ammonia 3 <0.2 0.3% 2.3 0.3
- barium 0.1 <0.01 0.03 <0.01
- strontium 1 0.02 0.2 0.02
- aluminum 0.1 1 <0.01 0.05
- copper 0.03 0.05 <0.005 0.01 0.01
Anions
- bicarbonate | 190 104 11 70 45
- sulfate 90 1 11 20
- chlorides 120 20 4 100 18
- phosphate 3.0 3 <0.2 0.5
- fluoride 1 0.1 1 0.2
- nitrate @ 25 6 2.1 2.3
- silica 22 17 1 10.3 22
TDS 650 250 30 300 116
Tot. Hardness 130 <200 5 22 3
General
- pH 7.0 6-8 5.9 6.6 6.3
- Langlier | -0.9 -3.71
- BOD 17 <1 <2 <5

™ Data were obtained from Table 2 in the October 1, 2002 memorandum prepared by EOA, Inc. for the City of

Benicia labeled Task 1 — Confirm Recycled Water Use Potential and Water Quality Requirements

Assumed that the ammonia concentration in the wastewater will be reduced from 25 mg/L to 3 mg/L by
nitrification, so that the ammonia concentration would be relatively low in the permeate. Without nitrification
the ammonia concentration in the permeate would be 2-3 mg/l for the RO and EDR alternatives and 18 mg/l
for nanofiltration.

Based on results of meeting of August 31, 2004 between Steven Penney of Valero and Doug Brown of CDM.
Will require further reduction to meet ammonia criterion as shown in Table 2

The blended water will also be low in hardness (<50 mg/L), which is lower than desired by
Valero for corrosion control, so lime may be added to prevent corrosion. Therefore, it is
desirable to increase the amount of MF filtered wastewater to be blended with the permeate,
if it is found that the chloride concentration of the wastewater is actually less than the value
shown (120 mg/L) in Tables 1 and 2. '
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Table 2
Blended RO Permeate Water Quality
Blended Water Valero Cooling
Benicia Effluent RO Permeate Quality @ 85% Water Quality
Parameter Units Water Quality Water Quality Permeate Limits

calcium mg/L 25 0.5
magnesium mg/L 18 0.3
sodium mg/L 130 10 27
potassium mg/L 18 2 4
ammonia mg/L 1 0.3 0.4"" <0.2
bicarbonate mg/L 190 11 37 104
sulfate mg/L 90 1 14
chloride mgll | 120 4 21 20
phospahate mg/L 2 0.2 0.5 3
fluoride mg/L 1 0.1 0.2
nitrate mg/L 25 6 9
silica Mg/L 22 0.7 4 17
Hardness Mg/L 130 5 23 <200
TDS Mg/L 650 30 120 250

™ Ammonia in the blended product water would be eliminated using breakpoint chlorination.

AMMONIA REDUCTION ALTERNATIVES

One of the critical water quality requirements for the Valero Refinery cooling water supply is
elimination of the ammonia that is present in the treated wastewater from the Benicia WWTP.
The two basic approaches are either to eliminate the ammonia as part of the wastewater
treatment process or to use the MF/RO reclamation treatment process to remove the
ammonia. If the wastewater treatment plant is operated in the nitrification mode, the 20-27
mg/L of ammonia will be converted to nitrates, and the concentration of the ammonia in the
feed water to the reuse treatment process will be approximately 1 mg/L. As been previously
described, the RO treatment process will reject the ammonia and reduce the concentration of
ammonia in the permeate to less than 0.2 mg/L.

The proposed split stream reclamation treatment process will blend the RO permeate with a
small percentage (10-15%) of filtered wastewater (split stream) to stabilize the permeate and
reduce the corrosiveness of the reclaimed water. The ammonia concentration in the blended
water will be approximately 0.4 mg/L, which can be removed by breakpoint chlorination.
The ammonia in the feed water to the RO process will be concentrated in the reject stream,
and will be approximately 6-7 mg/1 if the RO system is operated at 85% recovery. Generally
this concentration of ammonia does not exhibit any toxic effects at the estimated pH for the
concentrate, and it is proposed to combine the RO concentrate with the remaining secondary
effluent that will be discharged from the wastewater treatment plant.
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If the WWTP is not operated in the nitrification mode, the high ammonia concentration in the
feed water to the MF/RO reclamation treatment process will result in high ammonia
concentrations in the blended permeate and the reject stream from the RO process. As a
result of the 20-27 mg/L ammonia concentration in the feed water, the permeate from the RO
process will have 2-3 mg/L of ammonia, and when the RO permeate is blended with the split
stream the resulting ammonia concentration in the blended flow will be 5-6 mg/L. The
concentration of ammonia in the reject stream from the RO process will also increase
significantly to 170 to 250 mg/L for recovery ratios of 85% to 90%, respectively. It will be
necessary to provide additional treatment for both the blended permeate and the concentrate
to reduce the ammonia concentration to acceptable concentrations.

Treatment Options for Removing Ammonia from Blended Permeate

The potential treatment options for reducing the ammonia in the blended permeate are
breakpoint chlorination, ion exchange and air stripping. Breakpoint chlorination has the
lowest capital cost and operating cost. It will, however require high doses of sodium
hypochlorite to reduce the ammonia, but this will have the adverse impact of increasing the
chloride concentration, another critical water quality parameter. Ion exchange using a
sodium based zeolite is also an effective and common process, and if properly operated
should have minimal impact on the chloride concentration in the blended permeate. The
regeneration process for the ion exchange system will generate a concentrated solution of
sodium chloride and ammonium chloride that must be treated at the treatment plant or
discharged. The additional TDS and ammonia load on the WWTP will have an adverse
impact on operation of the WWTP, so it is anticipated that the waste from the ion exchange
system will have to be combined with the RO concentrate for separate treatment.

Air stripping will require raising the pH of the blended flow to between 10-11 to convert the
ammonium ion to ammonia gas that can be stripped. After passing through air stripper the
pH will have to be lowered to pH 8 to reduce the scale forming potential of the water. The air
stripping process will remove approximately 30,000 lbs of ammonia per year from the
blended flow, and it is also expected that due to air quality requirements and odor potential,
it will be necessary to remove ammonia from the air stream prior to discharge to the
atmosphere. This will create another liquid ammonia waste stream that must be returned to
the WWTP for subsequent treatment.

" Because of the adverse impacts associated with the breakpoint chlorination and air stripping
alternatives, ion exchange is considered the only alternative suitable for removing ammonia
from the blended permeate. The capital cost for a 2 mgd treatment system is approximately
$600,000 including equipment, installation, engineering and contingency. This does not
include the cost for treating the ion exchange regeneration brine.
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Treatment Options for Removing Ammonia from RO Concentrate

A 2 mgd RO process will generate 200,000 -350,000 gallons of concentrate per day when
operating at 90-85% recovery. The concentrate will have 4,000 to 5000 mg/L TDS, 170 mg/L-
250 mg/L of ammonia and 10 -20 mg/L of BOD. There will also be the 40,000 gpd brine
stream from the above described ion exchange process on the RO permeate stream. The
ammonia in the combined RO concentrate and ion exchange brine must be reduced to less
than 20 mg/L, so it can be discharged downstream of the WWTP. The treatment options to
do this are a separate biological nitrification system, ion exchange, or air stripping.

There are two problems associated an ion exchange system. The first is the high concentrate
of calcium and magnesium in the concentrate will be preferentially adsorbed resulting in very
frequent regeneration requirements. The second problem is there is still 10,000 -20,000 gpd of
a high ammonia brine to discharge or treat.

There are also significant problems associated with the air stripping alternative. When the
pH of the concentrate is raised to convert the ammonium to gas, a large percentage of the
minerals in the concentrate will precipitate. This will require a large reactor clarifier and
generate 10,000 to 15,000 gpd of sludge (2000 -3000 lbs/day of dry solids), which must be
dewatered and landfilled. The second problem associated with this alternative is treatment of
the ammonia laden air discharged from the air stripper. It is estimated that there will be 500
Ibs/day of ammonia stripped from the RO concentrate that must be subsequently scrubbed
from the air stripper discharge. Treatment options will depend on the concentration of
ammonia in the air scrubber discharge.

Because the problems associated with ion exchange and air stripping, the only reasonable
alternative for treatment of the RO concentrate is separate biological treatment. A separate
nitrification treatment process to treat the RO concentrate and ion exchange regeneration
brine will require aeration basins, clarifiers and potentially storage tanks for a carbonaceous
food source. The sludge treatment, disinfection and other equipment at the existing treatment
plant could be used for the ancillary processes. The estimated capital cost for a separate
400,000 gpd biological treatment system is approximately $1,500,000.

In summary, there are high capital costs associated with eliminating ammonia in the blended
permeate and reducing the ammonia in the RO concentrate, if the feed water from the WWTP
is not fully nitrified to reduce ammonia to less than 2 mg/L. The estimated capital cost to
treat both streams is greater than $2.1 million, and there are significant operational costs and
labor requirements associated with the ancillary treatment systems.

ALTERNATIVE BIOLOGICAL PROCESS MODIFICATIONS AND
ADDITIONS AT CITY’S WWTP FOR AMMONIA REMOVAL

The advantage of the biological approach to ammonia removal is that it is converted to the
nitrate form and not concentrated in a reject or brine stream. Eliminating ammonia altogether
will help to minimize toxicity at either outfall as the byproducts of nitrification are non-toxic.
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Design Criteria

CDM evaluated existing and build-out conditions for the various alternatives to modify the
Benicia WWTP to a nitrification plant. Figure 2 shows the overall plant liquid stream
schematic after completion of the I/I Improvement Project - WWTP Wet Weather
Improvements, currently under construction. Note that the flows shown on Figure 2 are
neither current flows nor projected build-out flows. They were taken from the design
drawings for the current WWTP project under construction. The analysis presented in this
TM looks at both current flows and project build-out flows. Table 3 provides a summary of
the flow and primary effluent design criteria used in this analysis. Flow and loading criteria
are representative of maximum month values for the respective seasons based on actual
WWTP data for the past three years. Primary effluent concentrations are similar to the design
assumptions developed for the 2003 WWTP I/I Improvement Project. These assumptions are
similar to what is currently produced and account for recycle and side stream flows. Side
stream flow is estimated to be 0.3 mgd year-round. The build-out maximum month flow is
equal to the design maximum month flow in the latest upgrade project (4.2 mgd + 0.3 mgd
side streams).

Separate Headworks

Peak — 19.0 mgd

= ————————

i Basin return | Peak — 6.0 mgd Wet Weather
' Basins

I Fm————

24" Industrial Sewer L 4 I
Avg - 4.1 mgd R — —l Peak — 6.0
" Peak — 12.0 mgd mgd: Based
30" Domestic Sewer on WW
Storage
Avg — 2.2 mgd =3= Capacty
Peak — 8.0 mgd Avg - 1.9 mgd =
Peak — 10.0 mgd
4
-
O
== == =P Diversion to Basins R ¢
euse
Outfall

Figure 2 - Overall Plant Schematic
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Table 3
Design Criteria for Nitrification Evaluation'”
(Maximum Month, 30-day averages)
Current Build-out

Parameter Winter Summer Winter Summer
Flow, mgd 3.7 3.3 4.5 4
Primary Effluent

BODS5, ppd 4,500 4,000 5,500 4,900

BODS5, mg/L 150 145 150 150

TSS, ppd 3,800 2,700 4600 3,300

TSS, mg/L 120 100 120 100

TKN, ppd 680 600 825 735

TKN, mg/L 22 22 22 22

NH3, ppd 460 330 560 500

NH3, mg/l 15 15 15 15
Temp, deg. C 17 26 17 26

"Based on 2003 and 2004 plant data

This evaluation considered full nitrification (effluent ammonia less than 1 mg/L) as the

effluent criteria.

Achieving this degree of nitrification will result in effluent 5-day

biochemical oxygen demand (BODs) and total suspended solids (TSS) of less than 10 mg/L.

Process Options

CDM investigated four different process flow schemes to convert the existing WWTP into a

nitrification plant:

= Option 1 Activated sludge - Expanding the activated sludge (A/S) process to allow
increasing solids retention time (SRT) to achieve nitrification and reserving the rotating
biological contactors (RBCs) for wet weather treatment only

= Option 2 Split-flow - Operating the RBCs and A/S processes in parallel, with both

processes achieving full nitrification

= Option 3 RBC Roughing Process - Using the RBCs for pretreatment ahead of the A/S

process

= Option 4 RBC Nitrification - Operating the A/S process in a partial nitrification mode,
and using the RBCs to complete the nitrification process

Figures 3 through 6 present schematics for these alternatives.
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Figure 6 - Option 4 - RBC Nitrification

m W:REPORTS\Benicia Task 1B TM\TM1_ProcessSelect_pfm_090904.doc



BENICIA WATER REUSE PROJECT Page 13 of 16

Option 1 - Activated Sludge Process

The controlling design parameter for the A/S process is SRT. At 17 degrees, and using a
nitrification safety factor of two (twice the minimum SRT needed for nitrification), the design
A/S process SRT for all evaluations is nine days.

As seen in Table 3, the design for current loadings result in a maximum month BOD loading
of 4,500 Ibs. per day. The existing aeration basins are designed for a maximum BOD loading
of 4,130 1bs. per day. Therefore, for build-out condition an expansion of the A/S system is
required. A third aeration basin equal in size to the existing two basins was assumed. Even
with this expansion, MLSS concentration at the build-out condition (4,400 mg/L) is reaching
the upper limits of conventional design values. Also, a third final clarifier and an additional
blower (allowing for one redundant unit) would be required to treat build-out flow.

Table 4 lists the key design criteria for the A/S plant option. Evaluations were performed for
current and build-out conditions.

Table 4
Option 1— Activated Sludge
Parameter Current Build-out
Aeration Basins (0.36 mgd each) 3 3
Final clarifiers (70-ft diameter) 2 3
SRT, days 9 9
MLSS, mg/L 3,700 4,400
Final clarifier solids loading, Ibs/d/ft° 25 25
RAS rate, % influent flow 70 70
No. of 1500 icfm blowers required: Currently 3 blowers 2.1 2.5
installed with 1 as a standby

Option 2 - Split Flow
The existing RBCs are currently organically and hydraulically under-loaded. The Split Flow
alternative takes advantage of the existing RBC capacity by increasing the flow rate to the

RBCs, thereby taking sufficient loading off the A/S process to allow it to become a
nitrification process without expansion. '

Determination of the nitrification capacity of the RBCs is critical to this evaluation because
any primary effluent routed to the RBCs must be fully nitrified; otherwise it cannot be
combined with the A/S effluent for reuse. BOD and ammonia loading curves, commonly
used in the wastewater industry for sizing of RBC’s, were utilized to estimate their BOD and
ammonia removal capacities. (Rating curves were provided by Envirex and are on-file in
CDM'’s project files.)

Based on the design parameters in Table 3 above and referenced loading curves, CDM
estimates that the existing RBC process should be able to nitrify approximately 1.7 mgd with
resultant ammonia concentration of 1 mg/L. Therefore, the combination of the RBCs and the
existing A/S process are theoretically capable of fully nitrifying all flows up to the build-out
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flow condition. This needs verification with City’s WWTP staff based on actual plant
operating conditions and experience.

Table 5 lists the key design criteria for the split flow option. Due to the superior quality of
A/S plant effluent, the amount of flow sent to the A/S portion of the plant should be
maximized versus the amount sent to the RBC’s. On a preliminary basis, CDM estimates that
the amount of flow that can be nitrified by the A/S system is in the range of 2.5 to 2.8 mgd
based on allowable solids loading to the final clarifiers. Maximizing A/S plant flow also
allows more wet-weather flow to be routed through the RBCs. This is preferable to taking
peak flows through the A/S process, which may cause clarifier washout of the light A/S
biomass. The RBC final clarifiers are better suited to handle peak flows because of the
excellent settling characteristics and low concentration of the RBC solids. The hydraulic
capability of the plant to accommodate such flow splits needs further evaluations.

Table 5
Option 2 — Split Flow
Parameter Current Build-out
Flow to A/S process, ADMM, mgd 2.8 2.8
Flow to RBC process, ADMM, mgd 0.9 1.7
SRT, days (A/S plant) 9 9
MLSS, mg/L (A/S plant) 4,500 4,500
Final clarifier solids loading (Ibs/d/ft*) (A/S plant) 25 25
RAS rate (A/S plant), percent of influent flow 70 70
No. of 1500 icfm blowers required: Currently for A/S plant 1.5 158
3 installed with 1 as a standby

Option 3 - RBC Roughing Process

This option involves the use of the RBC process for removing the majority of the BOD,
thereby allowing the existing A/S process to easily convert to nitrification. If all flow and
load are being directed to the RBCs, it will be necessary to re-stage the process to prevent
overgrowth on the RBC discs. This evaluation assumes all flow is split equally to the first five
RBCs in the train. The sixth RBC is a high-density RBC, and it is not recommended that it be
made a part of the first stage. This results in acceptable loading rates for the current design
condition, but risks RBC overload in the build-out design condition. The maximum
recommended first stage BOD loading is 2.5 gpd/sf (Figure 7) and the loadings exceed this in
the build-out condition. As flows increase and the RBCs start become overloaded, more flow
could be directed to the A/S process (making this a variation of the split flow process).

Table 6 lists the key design criteria for the RBC roughing option.
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Table 6
Option 3 — RBC Roughin

Parameter Current Build-out
First stage RBC hydraulic loading (gpd/ft® — 2.5 max.) 2.3 2.8
BOD/TSS/TKN to A/S Process (mg/L) 25/25/10 30/30/15
SRT, days (A/S process) 13 13
MLSS, mg/L (A/S process) 1,600 2,500
Final clarifier solids loading (Ibs/d/ft") (A/S process) 11 21
RAS rate (A/S process), % of influent flow 70 70
No. of 1500 icfm blowers required — A/S process(S 0.7 1.1
currently installed)

Option 4 - RBC Nitrification

This option was recommended by the RBC manufacturer and appears to be a feasible
In this option, instead of expanding the current A/S process, it would be
operated in a mode to achieve partial nitrification. This option would require process air
supply expansion to maintain a standby blower and an additional final clarifier to treat the
build-out flows. A detailed review of the plant hydraulics may lead to the need for a pump
station to deliver flow from the A/S secondary clarifiers to the RBCs. Table 7 lists the key

alternative.

design criteria for the RBC nitrification option.

Table 7
Option 4 — RBC Nitrification
Parameter Current Build-out

A/S plant effluent soluble ammonia, max. (mg/L) 15 12
RBC loading rate, gpd/ft’ 1.9 2.3
SRT, days (A/S plant) 5 5
MLSS, mg/L (A/S plant) 3,400 4,100
Final clarifier solids loading (Ibs/d/ft") 23 23
Final clarifiers (70-ft diameter) 2 3
RAS rate, % of influent flow 70 70
No. of 1500 icfm blowers required (3 currently installed) 1.9 2.4

Based on the preliminary analysis of biological ammonia removal options, Table 8 contains a
summary of the additional facilities and estimated capital costs that would be needed to

implement each ammonia removal option.

Table 8
Major Additional WWTP Facilities and Estimated Capital Costs
Option
1 - Activated Sludge 2 - Split Flow 3 — RBC Roughing 4-RBC
Nitrification
Iltems needed New aeration basin ¢  No major RBC Flow One additional
with odor control new facilities Distribution blower
One additional blower 4 mgd pump New secondary
station clarifier
Estimated Costs
Construction $1,300,000 $750,000 $800,000
Capital $1,800,000 <$200,000 $1,000,000 $1,100,000
CDM
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Summary Evaluation of Alternative Biological Ammonia Removal Alternatives

As can be seen from the preliminary costs presented in Table 8, additions and modifications
to the City WWTP to provide complete nitrification are estimated to cost in the range from
less than $0.2 million to $2 million dollars, depending on the amount of wastewater to receive
full nitrification. Prior to selecting to best ammonia removal option, several factors require
further evaluation including potential impacts to the down stream micro-filtration process
resulting from any differences in nitrified effluent characteristics, constant flow rate of
recycled water to be produced, WWTP detailed hydraulics, operating experience relating to
the RBC’s and accommodation of wet weather flows. CDM intends to discuss these factors
with the plant staff and conduct further evaluations before coming to a joint
recommendations on the best option to pursue.

Conclusions

Based on the evaluations conducted in the development of this TM, CDM has drawn the
following conclusions:

= The only technically method to achieve the water quality requirements established by
Valero for its cooling water is by the MF/RO treatment option.

= [t is more cost-effective to remove ammonia by biological nitrification at the City’s
WWTP than to utilize additional unit processes to remove ammonia from the RO
permeate and brine.

Recommendations
Based on the above conclusions, CDM makes the following recommendations:
= Adopt biological nitrification at the City’s WWTP as the method of ammonia removal
to meet water quality criteria. CDM will work with City’s Treatment Plant staff to

further refine the nitrification process selection.

* Direct CDM to begin conceptual design of the MF/RO split treatment system, using
an approximate blend of 85% RO with 15% filtered wastewater.

* Direct CDM to implement the small scale pilot testing (Task 2A) using the MF/RO
split treatment system.
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City of Benicia - Water Reuse Project
Draft Supplement to Technical Memorandum No. 1 -
Biological Nitrification Alternatives

TO: Chris Tomasik
CC: PURE Members
DATE: 30 November 2005

Executive Summary
Development of Biological Nitrification Treatment Alternatives

The purpose of this Supplement is to identify and screen potentially available biological
nitrification technologies in order to determine the feasible options worthy of further
evaluation. In order to provide additional assurance that the best nitrogen control
technology is selected, 11 biological treatment technologies that would potentially
provide full-time nitrification were identified and screened. Six biological nitrification
technologies were selected for further analysis from the technologies found most
feasible to meet project objectives. Conceptual designs for six alternatives were
prepared and analyzed for performance, reliability and cost-effectiveness. Three
alternatives involve extensive modifications to the City’s existing WWTP. They require
that the entire secondary treatment system be included in the process development,
along with accommodations for wet weather operations. Three other alternatives are
basically stand alone systems, which can be sized solely to meet the flow demands of
the Water Reuse Project. The six alternatives analyzed are described in Table ES-1.

Table ES-1
Biological Nitrification Alternatives for Ammonia Removal

Alternative Description

Expand existing activated sludge system — use 2 existing aeration Basins (AB’s) add a
1 3™ secondary clarifier (SC), 3" return activated sludge (RAS) pump and 3 process air
blowers. Nitrifying Activated Sludge (2 AB’s & 3 SC’s)

Expand existing activated sludge system — add 3™ AB, 3" SC, 3™ RAS Pump and 3
blowers. Nitrifying Activated Sludge (3 AB’s & 3 SC’s)

Convert primaries to chemically enhanced primary treatment (CEPT) - add a 3™

3 secondary clarifier, 3" RAS pump, 3 process blowers and chemical feeding system.
Nitrifying Activated Sludge & CEPT

Add stand-alone tertiary nitrifying biological aerated filters. Nitrifying BAF’s

Add stand-alone tertiary submerged, fixed-film nitrification system. TSFF Nitrification
Add stand-alone tertiary nitrifying trickling filters. NTF’s

[][é; 1B

CDM 1
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Overview Nitrifying Activated Sludge Alternatives (Alternative
Nos. 1,2 & 3)

Of the three NAS alternatives, Alternative No. 2 provides the highest degree of
reliability because nitrification can be maintained and the required wet weather flows
can be passed with either one AB or one SC out of service. Alternative No. 3 provides
less reliability than Alternative No. 2 because nitrification will likely be lost when one
AB is removed from service; however, the activated sludge process can still pass the
required wet weather flow with one SC out of service. Of the three full plant nitrifying
activated sludge processes, Alternative No. 1 provides the least amount of reliability
because loss of an AB will stop nitrification and loss of a SC will prevent the SCs from
passing the required wet weather flow. Table ES-2 presents a summary of the flow
rates that each of these three alternatives can handle and still reliably meet the
secondary effluent ammonia limit of 2 mg/L.

Table ES-2
Summary of Reliable Flow Limitations for Nitrifying Activated Sludge Alternatives
Alternative Average Day Max Peak Hourly

Month, mgd Flow, mgd
Estimated Flow at Build Out 4.5 8
Current Flow 3.7 8
Alt No. 1 — NAS with 2 AB’s & 3 SC’s 20t0 3.2 541084
Alt No. 2 — NAS with 3 AB's &3 SC'’s 3.2t04.0 8.3t010.8
Alt No. 3 — NAS & CEPT with 2 AB’s & 3 SC’s 24t03.6 6.4 t09.9

Overview of Stand-Alone Biological Nitrification Systems
Alternative No. 4 Biological Aerated Filters

Biological Aerated Filters (BAF’s) are a type of attached growth biological treatment
process that are used for tertiary nitrification. Nitrifying bacteria grow on the surface of
the media and convert the ammonia to nitrate. BAF’s have characteristics of both
activated sludge systems and trickling filters. Mechanically, they function similar to a
water filter in that they must be backwashed periodically. Hence, there is backwash
wastewater that must be recycled back to the main plant head works. The system has
backwash pumps, process air blowers and backwash air blowers. BAF’s have a high
profile of approximately 25 ft in height.

Alternative No. 5 Tertiary Submerged Fixed-Film Reactor Systems

Tertiary submerged fixed-film reactor systems are composed of a reaction vessel and
either fixed or moving-bed media on which nitrifying bacteria grow. Air is diffused
into the water-media culture much like a typical AS aeration basin. Fixed media consist
of either ropes that are attached to frames, or plastic crates, similar to those used in
packed bio-towers. Moving-bed media are made of either sponges or small plastic
elements. Since maintenance of the fixed media has presented challenges at some
installations, only plastic media of the moving-bed type were considered. TSFF systems
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have low profiles, are similar to aeration basins and would project about five feet above
grade.

Alternative No. 6 Tertiary Nitrifying Trickling Filters

Nitrifying trickling filters (NTF) are attached growth biological treatment processes that
allow the nitrifying bacteria to grow on the surface of solid media, as the wastewater
flows over the media. This is opposite of the suspended growth processes (i.e., NAS, as
in Alternative Nos. 1, 2 & 3 and TSFF systems, as in Alternative No. 5) where the
bacteria are "suspended" in the wastewater. The NTF’s units for Benicia would be
approximately 42-ft in diameter and 15-ft high.

Schematic Diagrams and Conceptual Site Plans

To aid the reader’s understanding of the six alternatives, schematic diagrams and
conceptual site plans are presented in Sections 3 and 4 of the Supplement.

Estimated Construction Costs of Biological Nitrification Alternatives

Conceptual designs were developed and construction cost estimates were prepared for
each of the six alternatives. For the three stand-alone alternatives, Alternative Nos. 4, 5
and 6, manufacturers were contacted for budgetary estimates for the respective
equipment. Unit prices for various components and surcharges for electrical and
instrumentation and control systems were used that are similar to those used in the
other TM’s. The construction estimates indicate that Alternative No. 4 BAF’s has the
highest estimated cost at approximately $3.67 million, while Alternative No. 1 NAS (2
AB’s & 3 SC’s) has the lowest estimated cost at approximately $1.79 million. However,
Alternative No. 1 has reliability limitations, as noted above. Alternative No. 6
Nitrifying Trickling Filters has the second lowest estimated construction cost at $2.06
million.

Estimated Operating & Maintenance Costs of Biological Nitrification
Alternatives

Operating requirements, including power, labor, chemicals and other consumables
were estimated for each of the six alternatives. Power was estimated at $0.12 per
kilowatt hour (kWhr); labor at $50 per hour, including City administrative overhead.
Chemical costs used were current local market rates. For Alternative Nos. 1, 2 and 3,
which are dependent on the total flow to the entire WWTP, an annual average flow
over the 20-year planning period was assumed at 3.8 mgd. For Alternative Nos. 4, 5
and 6, a constant flow of 2.55 mgd (as the required input to the MF/RO system) over
the 20-year period was assumed. Alternative No. 3 Nitrifying Activated Sludge with
Chemically Enhanced Primary Treatment has the highest estimated operating cost at
approximately $314,000 per year. Alternative No. 6 NTFs has the lowest estimated
operating cost at approximately $165,000 per year. The estimated operating cost of the
other four alternatives ranged between $192,000 and $242,000 per year.
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Quantitative Evaluation of Alternatives

The capital cost of a project includes both the initial construction cost plus engineering
and construction management costs, required to implement the project. An amount of
35% of the estimated construction cost has been added to account for these costs.

The capital and annual O&M cost estimates presented herein are for comparative
purposes only. These cost estimates are used to determine the biological nitrification
alternative that is the most cost-effective in relation to the other alternatives. Using
estimated capital and annual O&M costs for each alternative system, present worth
values were developed to compare the life-cycle costs of the six alternatives. Present
worth is defined as that amount of money it takes to fund the capital investment of a
project, as well as its annual operating and maintenance costs, over a period of time,
given the cost of money (interest) during the evaluation period. For this analysis, the
time period used was 20 years and the interest rate was six percent. Table ES-3
presents the results of this analysis.

Table ES-3
Summary of Economic Analysis of Biological Nitrification Alternatives
Alt No. 1 Alt No. 2 Alt No. 3 Alt No. 4 Alt No. 5 Alt No. 6
Component NAS (2&3) NAS (3&3) NAS&CEPT BAFs TSFF TNTF
$1,000's $1,000's $1,000's $1,000's $1,000's $1,000's
Estimated $1,790 $3,310 $2,340 $3,670 $2,880 $2,060
Construction Costs
Add 35% for $630 $1,160 $820 $1,280 '$1,010 $720
Engineering and CM
Total Estimated $2,420 $4,470 $3,160 $4,950 $3,890 $2,780
Capital Cost :
Estimated Annual $202 $211 $314 $242 $192 $165
O&M Costs @
Present Worth of $2,320 $2,420 $3,610 $2,780 " $2,200 $1,890
O&M Costs ¥
Total Estimated $4,740 $6,890 $6,770 $7,730 $6,090 $4,670
Present Worth
Values

" From Tables 5-1 through 5-6

@ From Tables 6-2, 6-4, 6-6, 6-8, 6-10 & 6-12
®  PWF:i=6% andn=20yrs

As can be seen from inspection of Table ES-3, Alternative No. 6 has the lowest present
worth value among the six alternatives analyzed. Alternative No. 1 has the next lowest
present worth value by approximately 1.5%. Although Alternative No. 1 has the
lowest estimated capital cost, it has significant reliability limitations in that it cannot
consistently meet the maximum secondary effluent ammonia criterion of 2 mg/L.

Qualitative Evaluation of Alternatives

In addition to capital cost, operating costs and overall present worth values, it is
appropriate to evaluate other qualitative factors to aid in the selection of the best
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qualitative factors and an assessment of how each alternative compares to each factor.

Table ES-4
Summary of Qualitative Evaluation of Biological Nitrification Alternatives

Qualitative Factors Alt No. 1 Alt No. 2 Ait No. 3 Alt No. 4 Alt No. 5 Alt No. 6
Impact on Existing Facilities Moderate High Moderate Low Low Low
Ease of Operation Good Good Moderate Moderate Good Good
Ease of Implementation Moderate Difficult Moderate Good Good Good
Incrementally Expandable Difficult Difficult Difficult Moderate Moderate Moderate
Equipment Reliability Good Good Good Good Good Good
Process Reliability Limited Good Limited Good Limited Good
Proven Technology Good Good Good Good Limited Good
Process Complexity Moderate Moderate Moderate High Low Moderate
Power Demand High High High Moderate Low Lowest
Visual Impact Low Low Low High Low Moderate

Constructing additional process units to expand the existing biological treatment
system will be disruptive to the City’s WWTP, whereas a stand-alone system will not
disrupt plant operations. All of the alternatives are relatively easy to operate, although
the chemical addition system for Alternative No. 3 and the BAF backwashing system
for Alternative No. 4 will require more operator attention.

It may be decided to stage the Water Reuse Project, that is build it in stages, say from an
initial capacity of 1 mgd to 2 mgd. Disruption to the existing plant operations would be
relatively high and similar to the impacts, if the full, 2 mgd system were built. The
stand-alone system can be staged with moderate impacts for the second stage of
development.

Process reliability and technology for NAS alternatives are well proven and
understood. Extensive operating performance data exist for plants operating in the
NAS mode. Adequate operating data for nitrifying BAF's are also readily available,
although less extensive than NAS systems. Although CDM is comfortable that the
nitrification processes of Alternatives 5 and 6 (TSFF and NTF's) can be designed to
nitrify, limited operating data that support performance to the ammonia criterion of 2
mg/L have been provided by manufacturers of TSFF systems. However, NTF's have a
longer operating record than TSFF systems, and that is why process reliability for NTF's
systems is stated as “Good”.

Visual impacts to the plant’s neighbors to the north will be low, except for Alternative
No. 4 BAF’s, which have a high profile. Alternative No. 6 NTF’s has a profile similar to
the one-story building that will house the MF/RO system.
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Conclusions

Based on the evaluation of the alternatives presented in this Supplement to TM-1, the
following conclusions can be drawn:

1.

Nitrifying Activated Sludge Alternative No. 1 does not provide reliable effluent
quality of 2 mg/L ammonia for current average day flow rates.

Providing a reliable nitrifying activated sludge system by modifying the City’s
activated sludge system will be highly disruptive and result in a high capital and
operating cost, compared with other available, stand-alone alternatives.

Three stand-alone tertiary, biological nitrification alternatives are capable of
meeting the 2 mg/L ammonia criterion. Biological activated filters and nitrifying
trickling filters have more proven performance as stand-alone nitrification systems,
than do submerged fixed film systems.

BAF’s have a high equipment profile of about 25 feet; they also have the highest
capital and operating cost.

Alternative No. 6 Tertiary NTF’s appears to be the most cost-effective alternative
that can meet the ammonia criterion of 2 mg/L.

The estimated capital cost of Alternative No. 6 is within the Water Reuse Project
budget allocation for nitrification for a 2 mgd project, as presented in the project cost
estimate update, dated 8 March 2005.

Using a stand-alone nitrification system will avoid operational problems at the
City’s basic secondary treatment system during wet weather periods when it must
accommodate high flows and still meets its NPDES permit requirements.

Recommendation

Based on the evaluations conducted and the conclusions reached in the performance of
this study, CDM recommends that City staff, along with CDM, visit existing treatment
plants that have stand-alone NTFs as their nitrification system (such as Sunnyvale, CA)
to learn their operating characteristics and performance, and then determine if they are
comfortable that this type of biological nitrification will consistently meet 2 mg/L
ammonia. '
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1.0 Introduction and Purpose of the Technical
Memorandum

1.1 Background

TM1, dated September 2004, evaluated several alternative methods of removing
ammonia from the Benicia wastewater to make the treated effluent suitable for reuse at
the Valero refinery. Options considered included removal by the water reuse treatment
process (i.e., reverse osmosis) and biological process conversion at the City’s WWTP.
Four options were considered for the biological conversion of ammonia, as follows:

m Expansion of the activated sludge process

m Split flow between the rotating biological contactors (RBC’s) and the activated sludge
process

s RBC treatment of primary effluent prior to the activated sludge process
m A second stage nitrification system, using the RBC process

Based on the analyses performed in TM-1 regarding ammonia removal, it was
concluded that it is more cost-effective to remove ammonia by biological nitrification
than to utilize the reverse osmosis (RO) treatment process plus providing additional
treatment to the RO concentrate and the blended permeate. Hence, CDM
recommended that further analyses be performed to determine the most cost-effective,
biological nitrification process.

1.2 Purpose of the Supplement

The purpose of this Supplement is to identify and screen potentially available biological
nitrification technology options in order to determine the most feasible options.
Conceptual designs for the most feasible options were prepared and analyzed for
performance, reliability and economics in order to determine the most cost-effective
alternative.

2.0 Development and Screening of Biological
Nitrification Treatment Technologies

In order to provide additional assurance that the best nitrogen control technology is
selected, an expanded list of biological treatment technologies that would potentially
provide full-time nitrification was developed and screened. The technologies are listed
in Table 2-1.
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In anticipation of wet weather flow conditions, the plant operations staff prepares one
of the three RBCs to receive primary effluent flow in excess of 8 mgd. The preparation
includes recirculating secondary effluent through one RBC train to grow the biological
culture to treat the wet weather flow when necessary. Up to 10 mgd of primary effluent
can be routed through the three RBC trains for processing wet weather flow.

Based on the above discussions, the follow requirements must be taken into
consideration in developing nitrification alternatives that involve utilizing the existing
activated sludge system in order for the plant to meet discharge requirements:

1. For wet weather operations, at least one RBC train must be available for
processing wet weather flows.

2. If aRBC train is removed or otherwise not available for processing wet weather
flows, then additional capacity must be provided in the activated sludge system.

3. Nitrification alternatives that would negatively impact the City’s wet weather
management program would be considered unacceptable.

Use of the RBCs for pre-treatment of dry weather flows would complicate or preclude
their use for treatment of wet weather flows, would require intermediate pumping, and
hence, will not be considered further. EHRC is an alternative to the current wet weather
program, and is also eliminated as duplicating current plans. Nitrifier seeding is still an
innovative technology and requires pilot testing or full-scale demonstration to verify its
efficiency. IFAS systems require installation of relatively large volumes of plastic media
or large frames for rope type media into the existing aeration basins. Since the use of
IFAS media complicates maintenance of the aeration basins, and since there are only
two aeration basins, IFAS will also not be considered further for modification to the
existing activated sludge (A/S) system. However, a tertiary, stand-alone system using
free-floating or rope type, fixed-film media is considered feasible.

Hence, from the list of treatment technologies options in Table 2-1, only options 1, 3, 4,
5 and 7 appear feasible at this time.

Options 1 and 3 involve extensive modifications to the City’s existing WWTP. Options
4,5 and 7 are basically stand alone systems, which can be sized solely to meet the flow
demands of the Water Reuse Project. Whereas, Options 1 and 3 require that the entire
secondary treatment system, along with wet weather operations, be included in the
process development.

In addition to the five remaining options, we also present a sixth option, which
demonstrates the reliability limitations associated with utilizing the existing two
aeration basins and merely adding a third secondary clarifier and additional return
activated sludge (RAS) pump.

CDM 10

WO05/Reports/Benicia/Draft Supplement to TM 1 Biolog Nitrification Alts 30 Nov.doc



City of Benicia — Water Reuse Project
Draft Supplement to Technical Memorandum No. 1 —
Biological Nitrification Alternatives

3.0 Discussion of Process Considerations and
Assumptions for Biological Nitrification Alternatives

Six biological nitrification alternatives were selected from the technologies discussed
above for further analysis. These alternatives are listed in Table 3-1.

Table 3-1
Biological Nitrification Alternatives for Ammonia Removal
Alternative Description
1 Expand existing activated sludge system — add a 3 SC. Nitrifying Activated
Sludge (2 AB's & 3 SC’s)
5 Expand existing activated sludge system —add 3 AB and a 3™ SC. Nitrifying

Activated Sludge (3 AB’s & 3 SC’s)

Convert primaries to chemically enhanced primary treatment (CEPT) and add a
3 secondary clarifier. Nitrifying Activated Sludge & CEPT

Add stand-alone tertiary nitrifying biological aerated filters. Nitrifying BAF’s
Add stand-alone tertiary submerged, fixed-film nitrification system. TSFF
Nitrification :

Add stand-alone tertiary nitrifying trickling filters. Nitrifying TF’s

| O || W

3.1 Overview of Design Parameters for Nitrifying Activated
Sludge Alternatives (Alternative Nos. 1, 2 & 3)

Alternative Nos. 1, 2 and 3 involve modifying the entire secondary treatment process to
the nitrification mode. As a result, these alternatives must be designed to nitrify the
entire plant flow under all expected conditions of influent flows and loads. A brief
discussion of the nitrifying activated sludge process follows. A more extensive
discussion along with additional design criteria assumptions are contained in
Appendix B.

3.1.1 Description of Nitrifying Activated Sludge

Activated sludge aeration basins and final clarifiers must be evaluated together since
the clarifiers must be able to adequately separate the mixed liquor suspended solids
(i.e., biomass) grown in the aeration tanks. Secondary clarifier capacity depends on the
hydraulic loading rate and the settling velocity of biomass in the mixed liquor
suspended solids (MLSS). Critical design conditions are different for aeration tanks and
clarifiers. Aeration basins are sized to provide the biomass inventory needed to treat the
largest extended loads (both carbon and nitrogen for nitrifying activated sludge system)
sent to the process, which are usually the loads of the average day during the maximum
month. Because secondary clarifiers react very quickly to increased flows and solids
loads, they are designed for the predicted maximum daily flows.

In order to achieve full nitrification in the activated sludge process, biomass retention
times (aka SRT’s), longer than those used for design of conventional activated sludge
(AS) plants, are required. Also, sufficient process air supply must be provided to nitrify
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the entire portion of the influent total Kjeldahl nitrogen (TKN) that is converted to
nitrate nitrogen by the nitrification process. Hence, additional secondary clarifiers,
additional aeration basins, or both, and more blower capacity are usually required to
upgrade existing plants from a conventional AS process, originally designed to remove
only organic material (viz, BOD), to nitrifying activated sludge (NAS).

3.1.2 Update of Plant Nitrogen Loading

To develop the process requirements necessary to convert the City WWTP to NAS, a
thorough understanding of the nitrogen loading on the AS process is required. After
further examination of the plant data from January 2002 through May 2004, which were
presented in TM-1, it was determined that the nitrogen loads in the plant’s primary
effluent should be re-evaluated because existing primary effluent data were not
sufficient to evaluate thoroughly nitrification alternatives and sizing of new facilities.

Nitrogen enters a wastewater treatment plant in the raw wastewater as ammonia and
organic nitrogen. Typically, the TKN load (which includes ammonia) is approximately
twice the ammonia load. Organic nitrogen not removed in the primary clarifiers will be
converted to ammonia in a conventional activated sludge process. At the City’'s WWTP,
additional ammonia is generated by the anaerobic digestion process. Residual
wastewater (filtrate) from the belt filter press (BFP) dewatering system is recycled back
to the treatment system, carrying with it a significant amount of ammonia. Using
computerized process simulation model (BioWin™) to generate a mass balance, CDM
calculated that about 160 pounds per day (ppd) of ammonia is being returned to the
process with the filtrate. This represents about 20% of the primary effluent TKN.

In February 2005, the City’s plant staff, at CDM’s request, collected and analyzed
primary effluent (PE) TKN data for ten consecutive days to supplement the routine
nitrogen measurements. It was found that the TKN concentration ranged between 23
and 37 mg/L. The lowest value occurred on Sunday, when the BFP is not typically
running. The highest value occurred on Tuesday, which is when the highest BFP
ammonia load impact is experienced.

The basic design criteria used in the development of the three NAS alternatives are
presented in Table 3-2.
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icia/Draft Si 1t to TM 1 Biolog Nitrification Alts 30 Nov.doc



City of Benicia — Water Reuse Project
Draft Supplement to Technical Memorandum No. 1 —
Biological Nitrification Alternatives

Table 3-2
Design Assumptions for Nitrifying Activated Sludge Alternatives Nos. 1, 2 & 3
. Value for NAS Alt | Value for Alt No. 3 -
Parameter Units Nos 1 & 2 NAS & CEPT

Flow

ADMM @ buildout mgd 4.5 4.5

Peak, hour mgd 8 8
Primary effluent

BODs mg/L 150 120

Total suspended solids, TSS mg/L 125 75

Total Kjeldahl nitrogen, TKN mg/L 40 36
Minimum temperature °C 17 17
Existing volume, 2 AB’s mgal 0.71 0.71
Existing surface area, 2 SC's ft* 7,700 7,700
Exustlng b_Iower capacity (2 units iefim 3.000 3,000
operating; 1 standby)
Secondary effluent

Maximum NH4 concentration mg/L 2 2

3.1.3 Overview of Design Parameters for NAS with Chemically Enhanced
Primary Treatment (CEPT)

Chemically coagulating wastewater prior to clarification is the simplest enhancement
that can be made to conventional primary clarification to increase overall secondary
treatment capacity. The use of chemicals allows a higher peak overflow rate in the
primary clarifiers during peak flow events while maintaining or increasing primary
clarifier performance thus minimizing the clarifier surface area that must be provided
for peak flows. Figure 3-1 shows typical ranges of TSS removal for conventional
primary sedimentation and chemically enhanced primary treatment versus overflow
rate.

Most of the discussion above on nitrifying activated sludge applies also to Alternative
No. 3, which includes CEPT. Design parameters used to size facilities for Alternative
No. 3, NAS and CEPT are also presented in Table 3-2. As can be seen from a
comparison between the values in Table 3-2, the BOD and TSS loadings of primary
effluent are reduced as a result of the chemical additions.

CDM 13
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3.1.4 Discussion of Reliability Aspects of NAS Alternatives (Alternative
Nos. 1,2 & 3)

Process reliability can be defined as the ability of the treatment plant to perform as
required under design conditions for a stated period of time. Most treatment plants are
required by their NPDES permit to meet not to exceed values for key water quality
parameters, on average, for set calendar periods (months and weeks, and sometimes as
daily or instantaneous maximums). For Benicia the most stringent criteria for the
biological treatment process is the monthly average limit. For this reason we have rated
the capacity and reliability on the basis of the expected average day maximum month
pollutant loads at the design flow.

Process reliability is closely linked to the reliability of the process equipment, and must
be evaluated together with applicable equipment reliability standards. Treatment plants
discharging to navigable waters that can be permanently or unacceptably damaged by
discharge of effluent not meeting specified water quality criteria for only a few hours
must typically be designed to meet EPA Class I equipment reliability criteria. EPA
standards for equipment reliability are defined in the EPA publication Design Criteria for
Mechanical, Electric, and Fluid System and Component Reliability, (EPA-430-99-74-001).
According to the EPA reliability criteria a facility can be designed to treat less than
design flow when one unit is out of service. Required capacity is typically reduced by a
factor of 50 to 75 percent depending on the type unit. EPA Class I reliability criteria are
summarized in Table 3-3 along with our interpretation of design flow for each plant
component.

Table 3-3
Summary of Pertinent EPA Class | Reliability Requirements

Plant Component EPA Class | Reliability Requirement Flow
Hydraulic elements Peak flow w/ largest unit out of service ) Peak hour
Design transfer w/ largest unit out; backup may be Maximum day / maximum

Aeration system uninstalled; minimum 2 installed units week

Biglogioal treaymont Minimum 2 equal volumes; no backup required

systems month
) - 75% design flow Maximum day /
Flnal clafifiers w/ largest unit out of service peak hour

Process reliability for future nitrification for the Water Reuse Project at the Benicia plant
is currently limited by the existence of only two aeration tanks and two clarifiers.
Nitrification alternatives that add a third clarifier or a third aeration basin will improve
the process reliability significantly. As discussed above clarifiers must be rated to
handle maximum day and peak hour flow rates while aeration tanks are rated on their
basis to treat maximum month pollutant loads.

15
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For Alternative No. 1 to maintain consistent nitrification in the existing activated sludge
process requires a MLSS concentration of about 3,000 mg/L at the existing average flow
of 3.0 mgd. At this MLSS concentration, the final clarifier estimated capacity is about
12.6 mgd with all 3 units in service and no safety factor. With one clarifier down the
capacity drops to about 8.4 mgd. Class I reliability requires a treatment capacity of 9
mgd (0.75 x 12 mgd). Loss of one aeration tank would require that the SRT be dropped
to 3 days, and nitrification will likely stop. Thus Alternative No. 1 is not able to meet
EPA equipment reliability criteria at existing, yet alone future, design flows as they
pertain to the proposed ammonia limit of 2 mg/L, as input to the water reuse treatment
system. However, because there is no ammonia limit for the discharge, the plant will be
able to meet permit limits as long as flows in excess of 8 mgd can be bypassed around
the activated sludge process. We understand that this is the design peak flow to the
aeration basins under the new wet weather treatment system and operating scheme
recently constructed.

For Alternative 2, the required MLSS concentration drops to about 2,100 mg/L at
existing flows, and the final clarifier capacity becomes about 18 mgd with three
clarifiers operating and 12 mgd with one unit down. At design conditions the required
MLSS increases to about 3,200 mg/L, and the clarifier capacity drops to 12 mgd with
three clarifiers in operation and about 8 mgd with one unit out. Again this is without a
safety factor on clarifier performance. Alternative No. 2 provides significantly increased
plant reliability in terms of both process and equipment reliability than Alternative No.
1. If an aeration basin is removed from service, the SRT reduces to 4 days, which is
above the SRT wash out rate. If this occurs, nitrification performance will be reduced
and the secondary effluent will likely not meet the 2 mg/L criterion, depending on the
time of year and wastewater temperatures.

For Alternative No. 3, NAS with chemically enhanced primary treatment, it was
assumed that the primary effluent BODs can be reduced to about 100 mg/L. Under
these process circumstances, an MLSS concentration of about 2,000 mg/L is required at
existing flows and 3,000 mg/L at design flows. Under these conditions final clarifier
capacity and reliability for Alternative 3 is similar to Alternative No. 2. Aeration tank
reliability is still low since loss an aeration tank will require that the SRT to be reduced
by half, and nitrification will likely stop depending on the time of year and wastewater
temperatures.

In summary, of the three NAS alternatives, Alternative No. 2 provides the highest
degree of reliability because nitrification can be maintained and required minimum wet
weather flows can be passed with either one AB or one SC out of service. Alternative
No. 3 provides less reliability than Alternative No. 2 because nitrification will likely be
lost when one AB is removed from service; however, the activated sludge process can
still pass the required wet weather flow with one SC out of service. Of the three full
plant nitrifying activated sludge processes, Alternative No. 1 provides the least amount
of reliability because loss of an AB will stop nitrification and loss of a SC will prevent
the SCs from passing the required wet weather flow. Table 3-4 presents a summary of
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the flow rates that each of these three alternatives can handle and still reliably meet the
secondary effluent ammonia limit of 2 mg/L.

Table 3-4
Summary of Reliable Flow Limitation for Alternative No. 1,2 & 3
5 Aver. D. eak Hourly Flow,
Alternative ;zgfh, :1}; I(Ij/lax P :;’g dy oW,
Estimated Flow at Build Out 4.5 8
Current Flow 3.7 8
Alt No. 1 — NAS with 2 AB's & 3 SC's 20t03.2 5.41t08.4
Alt No. 2 — NAS with 3 AB’'s & 3 SC's 3.2t04.0 8.3t010.8
Alt No. 3 — NAS & CEPT with 2 AB's & 3 SC's 2410 3.6 6.41t09.9

3.2 Overview of Design Parameters for Biological Aerated Filters
(BAFs)

BAFs are a type of attached growth biological treatment process that can be used for
tertiary nitrification. BAFs have characteristics of both activated sludge systems and
trickling filters. BAFs are similar to trickling filters in that the bacteria are grown
attached to a media surface and the wastewater is passed over the media and the
biofilm growing on it. Flow can be either upwards or downwards, although most BAFs
for nitrification operate in an upflow mode. In a similar manner to activated sludge, air
is provided by blowers and a diffuser system located near the bottom of a reactor full of
wastewater. BAFs can be viewed as flooded trickling filters with a diffused aeration
system.

BAFs can be an attractive nitrification technology for plants with limited land area or
only have a need to nitrify a portion of the plant flow. Both conditions apply at the
Benicia wastewater plant. Oxygen transfer efficiency in BAFs is very high so the use of
BAFs significantly reduces the incremental power needed for nitrification over the
nitrifying activated sludge process. However, the requirement for pumping offsets a
portion this advantage.

The configuration of biological filters is similar to conventional gravity filters with the
main differences being the provision for aeration, and the size and depth of the filter
media. Biological filters do provide some removal of suspended solids by filtration;
however, they are primarily biological reactors. Media for biological filters is typically
larger (1-4 mm) than the sand and anthracite used in conventional wastewater filters.
Since the media provides a high specific surface area (230 m2/m3), the size of the reactor
required is significantly reduced. Biological filter media is less dense than the sand
media used in wastewater filters with specific gravities of 1.5 or lower as compared
with the 2.65 specific gravity of filter sand and the 1.35-1.75 specific gravity of
anthracite. BAFs require a relatively large amount of mechanical equipment in the form
of pumps, blowers, diffusers and related controls. Even though BAFs are mechanically
more complex than activated sludge, operation can be simple particularly when the
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cleaning cycles are automated through the use of programmable logic controllers. Due
to the relatively high head loss across BAFs, influent pumping is required. Periodic
backwashing is required to remove accumulated solids. Spent backwash, equivalent to
approximately five percent of the applied flow, is returned to the head of the plant for
reprocessing.

There are two main manufacturers of BAF’s in North America: Kruger Incorporated
(Veolia Water Systems), whose system is called Biostyr®; and Infilco Degremont
Incorporated (IDI), whose system is called BIOFOR®. A list of IDI installations is
contained in Appendix B.

The basic process design assumptions for Alternative No. 4 Nitrifying BAF's are
presented in Table 3-5. Figure 3-2 contains a process schematic of the BAF process.
Figure 3-3 contains a diagram of the BIOFOR® BAF process.

Table 3-5
Design Assumptions for Alternative No. 4 Nitrifying BAF’s
Parameter Units Value for BAF’s

Design Flow (constant) mgd 2.6
Secondary Effluent

BODs mg/L 25

Total Suspended Solids, TSS mg/L 30

Ammonia Nitrogen, mg/L 30
Minimum temperature °C 17
Ammonia Mass Loading kgNH,-N/day/m® 1.0
Average Hydraulic Loading gpm/sf 4
Tertiary Effluent

Maximum NH4 concentration mg/L 2

3.3 Overview of Design Parameters for Tertiary Submerged
Fixed-Film Reactor Systems

Tertiary submerged fixed-film reactor systems are composed of a reaction vessel and
either fixed or moving-bed media on which nitrifying bacteria are grown. Air is
diffused into the water-media culture. Fixed media consist of either ropes that are
attached to frames, or plastic crates, similar to those used in packed bio-towers.
Moving-bed media are made of either sponges or small plastic elements. Since
maintenance of the fixed media have presented challenges, only plastic media of the
moving-bed type will be considered in this evaluation. Two manufacturers furnish
their particular patented plastic media. The bacteria culture (biofilm) grows on plastic
media. The core of the process is the biofilm carrier elements that are made from
polyethylene with a density slightly below that of water. The elements are designed to
provide a large protected surface area for the biofilm and optimal conditions for the
bacteria culture when the elements are suspended in water. For nitrification, the reactor
vessel is filled from approximately 30 to 50 percent of volume with the media, or carrier
elements.
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BIOFOR® Process View with One Celf in Backwash

luent Water in Green
ted Water in Blue

*Process Air & Air Scour Bubbles in White

Figure 3-3
Process Diagram of IDI's BIOFOR® BAF Process

CDM 20

WO05/Reports/Benicia/Draft Supplement to TM 1 Biolog Nitrification Alts 30 Nov.doc



City of Benicia — Water Reuse Project
Draft Supplement to Technical Memorandum No. 1 —
Biological Nitrification Alternatives

The two manufacturers considered for Benicia (AnoxKaldnes from Norway and
Hydroxyl, now owned by IDI) have each developed its own carrier with different shape
and size.

Some of the benefits of using this type of system include the following;:
m Compact and thus small footprint
m Stable also under large load variations

m Flexibility, in that almost any shape of reactor can be utilized; provides for use of
existing tanks for bioreactors

Other features of moving bed bioreactors for nitrification include: no sludge return, no
clogging of reactors and, depending on requirements of downstream processes, no
particle separation stage, such as clarifiers or filters.

The basic process design assumptions for Alternative No. 5 TSFF Nitrification are
presented in Table 3-6. A partial list of TSFF installations is contained in Appendix C.
Figure 3-4 shows a schematic of the TSFF Nitrification process.

Table 3-6
Design Assumptions for Alternative No. 5 TSFF Nitrification
Parameter Units Value for TSFF

Design flow (constant) mgd 2.55
Secondary effluent

BODs mg/L 25

Total suspended solids, TSS mg/L 30

Ammonia nitrogen, mg/L 30
Minimum temperature °c 17
Ammonia mass loading kgNH4-N/day/m® 0.4
Tertiary effluent

Maximum NH4 concentration mg/L 2

3.4 Overview of Design Parameters for Tertiary Nitrifying
Trickling Filters

Nitrifying trickling filters are attached growth biological treatment processes that allow
the bacteria providing treatment to grow on the surface of solid media, as the
wastewater being treated flows over the media. This is opposite of the suspended
growth processes (i.e., NAS, as in Alternative Nos. 1, 2 & 3 and TSFF systems, as in
Alternative No. 5) where the bacteria are "suspended" in the wastewater. Like the
suspended growth processes, trickling filters can be used to nitrify as a separate,
tertiary process or in combination with carbonaceous BOD removal. Trickling filters
used for tertiary wastewater treatment for ammonia removal are called nitrifying
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trickling filters or NTF's for short. In order for the process to nitrify successfully, the
BOD?5 concentration needs to be below about 20 mg/1. In nitrifying trickling filters
(NTF's) the wastewater is distributed over a tower filled with trickling filter media,
allowed to flow down the depth of the media, and then recollected and directly
discharged. Trickling filter media can be rock, wood or grids of plastic sheets
constructed into self-supporting blocks.

Advantages of NTFs include their simplicity of operation and low energy requirements.
Few operational adjustments are possible; recycle pumps, rotary distributors and
induced air fans are the only mechanical equipment. Oxygen transfer occurs as the
wastewater trickles down the media. Enclosure of the media with a structure is
required only for aesthetic reasons or if the ability to flood the media is desired. Low
pressure, high volume fans or blowers are sometimes used to provide adequate oxygen
during all climatic conditions. Nitrifiers produce relatively small amounts of solids, so
NTFs do not require final clarifiers but the effluent solids concentrations are higher than
a sand filter. Nuisance and predatory organisms including flies and snails can
sometimes grow in NTFs, so designs provisions are made to avoid or control these
pests. NTFs using plastic media are generally tall (20 ft), but they can also be designed
at shallower depths.

The manufacturer that supplies the bulk of the plastic, high specific surface media for
trickling filters is Brentwood Industries. The media comes in “baskets” about 4 ft by 4
ft by 8 ft long. '

The basic process design assumptions for Alternative No. 6 Tertiary Nitrifying
Trickling Filters are presented in Table 3-7. A partial list of installations of NTF's is
contained in Appendix D. Figure 3-5 shows a schematic of the TSFF Nitrification
process.

Table 3-7
Design Assumptions for Alternative No. 6 Tertiary Nitrifying Trickling Filters
Parameter Units Value for TNTF’s

Design flow (constant) mgd 2.55
Secondary effluent

BODs mg/L 25

Total suspended solids, TSS mg/L 30

Ammonia nitrogen, mg/L 30
Minimum temperature °C 17
Ammonia mass loading gm NHq4-N/day/m® 1.3
Plastic media specific surface area m*/m° 150
Tertiary effluent

Maximum NHg4 concentration mg/L 2
Recycle ratio % 50
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Figure 3-5
Process Schematic of Tertiary Nitrifying Trickling Filters
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4.0 Conceptual Design of Biological Nitrification
Alternatives |

Using the basic design assumptions and criteria, presented in the above tables and the

additional information contained in Appendix A, conceptual designs of the six

biological nitrification alternatives were developed and are presented in the
information that follows.

41 Alternative No.1 Nitrifying Activated Sludge (2 AB’s & 3
SC’s)

Implementation of Alternative No. 1 requires the facility modifications and additions

listed in Table 4-1. Figure 4-1 presents a schematic diagram of this alternative.

Table 4-1
Facilities Required for Alternative No. 1 Nitrifying Activated Sludge (2 AB’s and 3 SC’s)
Item Description
Add 3™ secondary clarifier 70’ dia, 14’ swd, hydraulic suction type sludge collector
Add 3" RAS pump 15 hp, 1.5 mgd
Yard piping
Replace all 3 blowers 3,000 icfm @ 9.1 psig, each
Add caustic feed system Required for alkalinity control

4.2  Alternative No. 2 Nitrifying Activated Sludge (3 AB’s & 3
SC’s)

Implementation of Alternative No. 2 requires the facility modifications and additions

listed in Table 4-2. Figure 4-2 presents a schematic diagram of this alternative.

Table 4-2
Facilities Required for Alternative No. 2 Nitrifying Activated Sludge (3 AB’s & 3 SC’s)
Item __Description
Add 3" secondary clarifier 70’ dia, 14’ swd, hydraulic suction type sludge collector
Add 3" RAS pump 15 hp, 1.5 mgd
Add 3" aeration basin 20’ x 66’ x 18’ swd
Air diffusers & piping
Add caustic feed system Required for alkalinity control
Yard piping
Replace blowers (3) 3,000 icfm @ 9.1 psig, each
Demolish one train of RBC's Western most train
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4.3 Alternative No.

3 Nitrifying Activated Sludge & CEPT

Implementation of Alternative No. 3 requires the facility modifications and additions
listed in Table 4-3. Figure 4-3 presents a schematic diagram of this alternative.

Table 4-3

Facilities Required for Alternative No. 3 — Nitrifying Activated Sludge & CEPT

Item

Description

Add 3™ Final clarifier

70’ dia, 14’ swd, hydraulic suction type sludge collector

Add 3 RAS pump

15 hp, 1.5 mgd

Replace all 3 blowers

3,000 icfm @ 9.1 psig, each

Add caustic feed system

Required for alkalinity control

Chemical Storage and Feeding
system

Ferric Chloride feed pumps (1 duty/1 standby) and 2,000 gal
storage tank

4.3.1 Locations of NAS and Water Reuse Project Facilities at Benicia WWTP

Figure 4-3A contains a conceptual site plan of the Benicia WWTP with the nitrifying
activated sludge facilities for Alternative Nos. 1, 2 & 3 along with the proposed
locations for the advanced treatment facilities of MF, RO and UV. The City’s plant has
been designed to accommodate the third secondary clarifier. As previously mentioned,
one train of RBC’s must be demolished in order to construct the third aeration basin.

44 Alternative No.

4 Nitrifying BAF's

Implementation of Alternative No. 4 requires the facility modifications and additions
listed in Table 4-4. Figure 4-4 presents a schematic diagram of this alternative. A
conceptual site plan of Alternative No. 4 is shown in Figure 4-4A.

Facilities Re

Table 4-4
juired for Alternative No. 4 — Nitrifying BAF’s

Item

Description

BAF feed pumps

2 at 1,930 gpm (2.75 mgd) @ 45 ft TDH (1 duty, 1 standby)

Influent Screens

2 at 2,000 gpm each (1 duty, 1 standby)

BAF ( 2 cells) 427 sf each x 24 ft high
Process air blowers 2 at 250 scfm @ 11.5 psig, each (2 duty, 1 standby)
Air diffusers & piping

Backwash supply pumps

3,500 gpm

Backwash blowers

2 at 1,130 scfm @ 10.5 psig, each (1 duty, 1 standby)

Air system cleaning pump

1 at 1,300 gpm @ 120 ft TDH

Add caustic feed system

Required for alkalinity control

Blower Building

Approximately 900 sf

Yard Piping
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4.5

City of Benicia — Water Reuse Project
Draft Supplement to Technical Memorandum No. 1 -
Biological Nitrification Alternatives

Alternative No. 5 TSFF Nitrification

Implementation of Alternative No. 5 Tertiary Submerged, Fixed-Film Nitrification
requires the facility modifications and additions listed in Table 4-5. Figure 4-5 presents
a schematic diagram of this alternative. As conceptual site plan of the alternative is

contained in Figure 4-5A.

Table 4-5

Facilities Required for Alternative No. 5 TSFF Nitrification

Item

Description

Feed pumps (2)

2.5 mgd, each

Influent Screens (2)

2 at 2,000 gpm each (1 duty, 1 standby)

Reactor Basins- 2 cells in series

50 ft x 50 ft x 15 ft swd, each

Media

37,500 cf (50% of reactor volume)

Static Effluent Screens

Air Diffusers & piping

Process air blowers (2)

3,000 scfm, at 8.3 psig, each

Add caustic feed system

Required for alkalinity control -

Blower Bldg

600 sf

Yard piping

4.6 Alternative No. 6 Tertiary Nitrifying Trickling Filters

Implementation of Alternative No. 6 Tertiary Nitrifying Trickling Filters requires the
facility modifications and additions listed in Table 4-6. Figure 4-6 presents a schematic
diagram of this alternative. As conceptual site plan of the alternative is contained in

Figure 4-6A.

Table 4-6

Facilities Required for Alternative No. 6 Tertiary Nitrifying Trickling Filters

Item

Description

Secondary effluent transfer pumps (2)

2.5 mgd, each

Trickling filters (2)

42 ft diameter x 12 ft media depth

Media

34,000 cf cross flow media

Static effluent screen w/ auger

Process air blowers (8)

1,500 scfm, at 2-in H20 column (4 per filter)

Add caustic feed system

Required for alkalinity control

Combined feed and recycle pumps (2)

1,350 gpm @ 20 ft TDH

Yard piping
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City of Benicia — Water Reuse Project
Draft Supplement to Technical Memorandum No. 1 —
Biological Nitrification Alternatives

5.0 Estimated Construction Costs of Biological
Nitrification Alternatives

Based on the conceptual designs presented in Section 4 above, additional details were
developed and construction cost estimates were prepared for each of the six
alternatives. For the three stand-alone alternatives, Alternative Nos. 4, 5, and 6,
manufacturers were contacted for budgetary estimates for the respective equipment.
We used unit prices for various components and surcharges for electrical and
instrumentation and control systems that were similar to those used in the other TM’s.

Table 5-1 through Table 5-6 contain the estimated construction costs for the six
alternatives. A review of the construction estimates shows that Alternative No. 4 BAF's
has the highest estimated cost, while Alternative No. 1 NAS (2 AB’s & 3 SC’s) has the
lowest estimated cost. As will be described below, however, each alternative has
different reliability and capacity.

CDM 38
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City of Benicia — Water Reuse Project
Draft Supplement to Technical Memorandum No. 1 —
Biological Nitrification Alternatives

Table 5-1
Alternative No. 1 - Nitrifying Activated Sludge (2 AB's & 3 SC's)
Project Components Estimated Units Unit Costs  Extensions $'s
Quantities
Secondary Clarifier: 70 ft Dia x 14 ft SWD
Structural/Concrete
Slabs on grade 310 cy $250 $77,500
Walls 140 cy $500 $70,000
Effluent channel 50 cy $700 $35,000
Piles: No Piles x L = total length. # =76 6,840 If $40 $273,600
Equipment/Clarifier Mechanism 1 each $100,000 $100,000
Install Clarifier Mechanism 1 Is $30,000 $30,000
RAS Pump 1 each $30,000 $30,000
Piping 1 Is $20,000 $20,000
Misc. Metals 1 Is $15,000 $15,000
Excavation, Haul and Dispose 3,200 cy $20 $64,000
Imported Backfill in place 400 cy $30 $12,000
Dewatering 1 Is $30,000 $30.000
Subtotal-Secondary Clarifier $757,100
Blower Building: 3 New Blowers
Remove Existing Blowers and piping 1 Is $15,000 $15,000
Blowers 3 each $60,000 $180,000
Piping & Valves 1 Is $50,000 $50,000
Misc. Metals 1 Is $10,000 $10,000
Subtotal-Blower Building $255,000
Caustic Feed System
Feed pumps, storage & containment 1 Is $20,000 $20,000
Piping & Valves 1 Is $15,000 $15,000
Subtotal-Caustic Feed System $35,000
Civil Site Work
Subtotal of Structural, excluding piles $182,500
Percent of structural, excluding piles 20% $36,500
Electrical/l&C
Subtotal Power-Driven Mech Equipment $330,000
Percent of Power-Driven Mech Equipment 60% $198,000
Subtotal $1,245,100
Contingency - 25% $311,300
Subtotal $1,556,400
Contractor's OH & P 15% " $233,500
Total Estimated Construction Cost $1,789,900
CDM 39

WO05/Reports/Benicia/Draft Supplement to TM 1 Biolog Nitrification Alts 30 Nov.doc



City of Benicia — Water Reuse Project
Draft Supplement to Technical Memorandum No. 1 —
Biological Nitrification Alternatives

Table 5-2
Alternative No. 2 - Nitrifying Activated Sludge (3 AB's & 3 SC's)
Project Components Estimated Units Unit Costs  Extensions $'s
Quantities
Demolition of RBC
Remove 1 train of equipment & covers Is - -- $20,000
Demolish 1 train of concrete basins 740 cy(a) $100 $74,000
(a) Demolish, haul and dispose
Subtotal-Demolition of 1 RBC Train $94,000
Aeration Tank: 40 ft w x 66 ft | x 18 ft SWD
Structural/Concrete
Slabs on grade 350 cy $250 $87,500
Walls 330 cy $500 $165,000
Elevated Slabs and small channels 70 cy $700 $49,000
Piles: No Piles x L = total length. # = 80 7,200 If $40 $288,000
Diffusers 1,000 each $50 $50,000
Air Piping Is $30,000 $30,000
Misc Piping Is $20,000 $20,000
Aluminum Covers 1200 _sf $50 - $60,000
Aluminum Handrail 300 If $60 $18,000
Grating 400 sf $40 $16,000
Weir Gates (manual) 3 each $8,000 $24,000
Excavation, Haul and Dispose 2,200 cy $20 $44,000
Imported Backfill in place 450 cy $30 $13,500
Dewatering 1 Is $30,000 $30,000
Subtotal-Activated Sludge Tank $895,000
Secondary Clarifier: 70 ft dia x 14 ft SWD
Structural/Concrete
Slabs on grade 310 cy $250 $77,500
Walls 140 cy $500 $70,000
Effluent channel 50 cy $700 $35,000
Piles: No Piles x L = total length. # =76 6,840 If $40 $273,600
Equipment/Clarifier Mechanism 1 each $100,000 $100,000
Install Clarifier Mechanism 1 Is $30,000 $30,000 -
RAS Pumps 1 each $30,000 $30,000
Piping 1 Is $20,000 $20,000
Misc. Metals 1 Is $15,000 $15,000
Excavation, Haul and Dispose 3,200 cy $20 $64,000
Imported Backfill in place : 400 cy $30 $12,000
Dewatering 1 Is $30,000 $30.000
Subtotal-Secondary Clarifier $757,100
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City of Benicia — Water Reuse Project
Draft Supplement to Technical Memorandum No. 1 —
Biological Nitrification Alternatives

Table 5-2 (continued)
Alternative No. 2 - Nitrifying Activated Sludge (3 AB's & 3 SC's)
Project Components Estimated Units Unit Costs  Extensions $'s
Quantities
Blower Building
Remove Existing Blowers and piping 1 Is $15,000 $15,000
Blowers (3,000 scfm ea) 3 each $60,000 $180,000
Piping & Valves 1 Is $50,000 $50,000
Misc. Metals 1 Is $10,000 $10,000
Subtotal-Blower Building $255,000
Caustic Feed System
Feed pumps, storage & containment 1 Is $20,000 $20,000
Piping & Valves 1 Is $15,000 $15,000
Electrical and 1&C 50% $20,000 $10.000
Subtotal-Caustic Feed System $45,000
Subtotal $2,046,100
Civil Site Work
Subtotal of Structural, excluding piles $484,000
Percent of structural, excluding piles 15% $72,600
Electrical/l&C .
Subtotal Power-Driven Mech Equipment $310,000
Percent of Power-Driven Mech Equipment 60% $186,000
Subtotal $2,304,700
Contingency 25% $576,200
Subtotal $2,880,900
Contractor's OH & P 15% $432,100
Total Estimated Construction Cost $3,313,000
CDM 41
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City of Benicia — Water Reuse Project
Draft Supplement to Technical Memorandum No. 1 —
Biological Nitrification Alternatives

Table 5-3

WO05/Reports/Benicia/Draft St

to TM 1 Biolog Nitrification Alts 30 Nov.doc

Alternative No. 3 - Nitrifying Activated Sludge with CEPT
Project Components Estimated Units Unit Costs Extensions $'s
Quantities
Secondary Clarifier: 70 ft dia x 14 ft SWD
Structural/Concrete
Slabs on grade 310 cy $250 $77,500
Walls 140 cy $500 $70,000
Effluent channel 50 cy $700 $35,000
Piles: No Piles x L = total length. # =76 6,840 If $40 $273,600
Equipment/Clarifier Mechanism. 1 each $100,000 $100,000
Install Clarifier Mechanism 1 Is $30,000 $30,000
RAS Pumps 1 each $30,000 $30,000
Piping 1 Is $20,000 $20,000
Misc. Metals 1 Is $15,000 $15,000
Excavation, Haul and Dispose 3,200 cy $20 $64,000
Imported Backfill in place 400 cy $30 $12,000
Dewatering 1 Is $30,000 $30,000
Subtotal-Secondary Clarifier $757,100
Blower Building
Remove Existing Blowers and piping 1 Is $15,000 $15,000
Blowers 3 each $60,000 $180,000
Piping & Valves 1 Is $50,000 $50,000
Misc. Metals 1 Is $10,000 $10.000
Subtotal-Blower Building $255,000
Chemical Storage and Feed System
Concrete Pad, Spill Containment & Canopy 1 Is $30,000 $30,000
Ferric Chloride Storage Tank-2,000 gal 1 Is $10,000 $10,000
Ferric Chloride Feed Pumps 2 each $10,000 $20,000
Ferric Chloride Piping 1 Is $15,000 $15,000
Polymer Feed Packaged Pump Systems 2 each $15,000 $30,000
Polymer Piping, Valves & Fittings 1 Is $15,000 $15.000
Subtotal-Chemical Systems $120,000
Caustic Feed System
Feed pumps, storage & containment 1 Is $20,000 $20,000
Piping & Valves 1 Is $15,000 $15,000
Electrical and 1&C 50% $20,000 $10,000
Subtotal-Caustic Feed System $45,000
Civil Site Work
Subtotal of Structural, excluding piles $212,500
Percent of structural, excluding piles 15% $31,875
Electrical/l&C
Subtotal Power-Driven Mech Equipment $360,000
Percent of Power-Driven Mech Equipment 60% $216,000
Subtotal $1,627,850
Contingency " 25% $407,000
Subtotal $2,034,850
Contractor's OH & P 15% $305,200
Total Estimated Construction Cost $2,340,050
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City of Benicia — Water Reuse Project
Draft Supplement to Technical Memorandum No. 1 —
Biological Nitrification Alternatives

Table 5-4
Alternative No. 4 - Nitrifying Biological Active Filters (BAF's)
Project Components Est:ma_:t_ed Units  Unit Costs Extensions $'s
Quantities
Structural & Civil
Structural
2 filters @ 430 sf each 860 sf $400 $344,000
BAF Feed Pump Station (2.75 mgd) 19,000 gal $2 $38,000
Civil Work, 10% of Structural, less piles 382,000 15% $57,300
Pile Foundation
Total length of piles for BAF's 1050 ft $40 $42,000
Total length of piles for BAF PS 420 ft $40 $16,800
Subtotal Structural & Civil $498,100
In-Line Screens
Screens 2 ea $35,000 $70,000
Electrical and I&C, % of Screens 50% $70,000 $35,000
Piping and Valves 1 Is $30,000 $30,000
Sum-In-Line Screens $135,000
BAF Feed Pumps
Pump, Motor & VFD 20 hp 2 ea $20,000 $40,000
Electrical and I&C, % of Pumps 75% $30,000
Subtotal BAF Feed Pumps $70,000
BAFs :
Filter Equipment, includes media, BW pumps, process & BW
blowers, valves & controls
Mfgr Quote lot 1 Is $1,200,000
Sales Tax % 8.25% $99,000
Installation (% of equipment cost) % 20% $240,000
Process Piping lot Is $30,000 $30,000
) . ; . &
Electrical Driven Mechanical Equip {;of Total 35% $420,000
ackage
Electrical and I1&C, % of Mech Equip 60% $420,000 $252,000
Subtotal Filters & Equipment $1,821,000
Caustic Feed System
Feed pumps, storage & containment 1 Is $20,000 $20,000
Piping & Valves 1 Is $15,000 $15,000
Electrical and 1&C, % of Mech Equip 50% $20,000 $10,000
Subtotal-Caustic Feed System $45,000
Building
Blower & Pump Building 900 sf $150 $135,000
Civil Work Associated w/ Bldg 20% $135,000 $27,000
Subtotal Building $162,000
Subtotal $2,731,100
Add Contingency (Not including quoted equipment) 25% $331,000
Add Contingency on equipment 10% $131,000
Subtotal $3,193,100
Add 15% Contractor OH & P 15% $478,965
Total Estimated Construction Cost $3,672,000
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City of Benicia — Water Reuse Project
Draft Supplement to Technical Memorandum No. 1 —
Biological Nitrification Alternatives

Table 5-5
Alternative No. 5 - Tertiary Submerged Fixed-Film Nitrification
Project Components Estimated Units - Unit Extensions
Quantities Costs $'s
Nitrification Aeration Tank: 2 Cells 50 ft x 50 ft x 15 ft SWD)
Civil & Structural
Concrete
Slabs on grade 400 cy $250 $100,000
Walls 350 cy $500 $175,000
Elevated Slabs and small channels 40 cy $700 $28,000
Subtotal-Concrete $303,000
Civil
Civil Site Work, % of structural 20% % $303,000 $60,600
Excavation, Haul and Dispose 4,200 cy $20 $84,000
Imported Backfill in place 500 cy $30 $15,000
Dewatering lot Is $20,000 $20,000
Subtotal-Civil $179,600
Pile Foundation
Total length of piles 5,390 If $40 $215,600
Misc Metals
Aluminum Handrail 300 If $60 $18,000
Aluminum Covers 1,200 sf $50 $60,000
Subtotal-Misc Metals $78.000
Subtotal-Structural/Civil for Nitrification Aeration Tank $776,200
Secondary Effluent Transfer Pumps
Pump, Motor & VFD 7.5 hp 2 ea $12,000 $24,000
Electrical and 1&C, % of Pumps 75% $18,000
Piping and Valves 1 lot $20,000 $20,000
Subtotal SE Transfer Pumps $62,000
Kaldnes or IDI/Hydroxyl
Media, diffusers & strainers (mfgr quote) 1 Is $550,000 $550,000
Sales Tax @ 8.250% $45,400
Installation, % of Equipment 30% $165,000
Subtotal-Kaldnes $760,400
Caustic Feed System
Feed pumps, storage & containment 1 Is $20,000 $20,000
Piping & Valves 1 Is $15,000 $15,000
Electrical and I&C, % of Mech Equip 50% $20,000 $10,000
Subtotal-Caustic Feed System $45,000
In-Line Screens
Screens 2 ea $35,000 $70,000
Electrical and I1&C, % of Screens . 50% $70,000 $35,000
Piping and Valves 1 Is $30,000 $30,000
Subtotal -In-Line Screens $135,000
Nitrification Air Supply
2 Blowers, ea @ 3,000 scfm @ 8.1 psig 2 each $60,000 $120,000
Air Piping & Valves 1 Is $30,000 $30,000
Electrical and I&C, % of Blowers 60% $120,000 $72,000
Blower Building - 600 sf $150 $90,000
Civil Work Associated w/ Blower Bldg . 20% $90,000 $18.000
Subtotal-Air Supply $330,000
Subtotal without Kaldnes $1,348,200
Contingency, not including Kaldnes 25% $337,100
Contingency on Kaldnes Equipment 10% $55,000
Kaldnes $760,400
Subtotal with Kaldnes $2,500,700
Contractor's OH & P 15% $375,100
Total Estimated Construction Cost $2,875,800
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City of Benicia — Water Reuse Project
Draft Supplement to Technical Memorandum No. 1 —
Biological Nitrification Alternatives

Table 5-6
Alternative No. 6 - Nitrifying Trickling Filters

Project Components Estimated Units Unit Extensions
Quantities Costs $'s
Trickling Filters: 2 Units, 42 ft dia x 12 ft media depth
Civil & Structural
Concrete
Bottom Slabs on grade 400 cy $250 $100,000
Tilt-Up Walls 11,080 sf $30 $332,400
Plenum perimeter walls 44 cy $700 $30,800
recycle pump station wet well 8000 gal $4 $32,000
piers and precast beams -support system 2 Is $15,000 $30,000
Subtotal-Concrete ; $525,200
Civil
Civil Site Work, % of structural 20% % $525,200 $105,040
Excavation, Haul and Dispose 2,000 cy $20 $40,000
Imported Backfill in place 390 cy $30 $11,700
Dewatering lot Is $20,000 $20,000
Subtotal-Civil $176,740
Pile Foundation
Total length of piles 3,000 If $40 $120,000
Subtotal-Structural/Civil for Trickling Filters & recycle PS $821,940
Combination Feed & Recycle Pumps
Combined TF Feed & Pump, Motor & VFD 10hp 3 ea $15,000 $45,000
Electrical and 1&C, % of Pumps 75% $33,750
Piping and Valves 1 lot $20,000 $20.000
Subtotal Recycle Pumps $98,750
Secondary Effluent Transfer Pumps
Pump, Motor & VFD 7.5 hp 3 ea $12,000 $24,000
Electrical and I&C, % of Pumps 75% $18,000
Piping and Valves 1 lot $20,000 $20.000
Subtotal SE Transfer Pumps $62,000
Plastic Media
Media 34,000 cf $6 $204,000
Media Installation 34,000 cf $1 $34,000
Subtotal-Media $238,000
Caustic Feed System
Feed pumps, storage & containment 1 Is $20,000 $20,000
Piping & Valves 1 Is $15,000 $15,000
Electrical and I&C, % of Mech Equip 50% $20,000 $10,000
Subtotal-Caustic Feed System $45,000
Effluent Screen .
Screen & auger 1 ea $35,000 $35,000
Electrical and 1&C, % of Screens 50% $35,000 $17,500
Subtotal -In-Line Screens $52,500
TF Induced Air Supply
8 fans, ea @ 1,500 scfm @ 2-in water, including sound 8 each $5,500 $44,000
enclosures ’
Sales Tax @ 8.250% $44,000 $3,600
Air Piping & Valves 8 Is $5,000 $40,000
Electrical and 1&C, % of Fans & Motors 60% $44,000 $26.,400
Subtotal-Air Supply $114,000
Subtotal $1,432,200
Contingency 25% $358,100
Subtotal $1,790,300
Contractor's OH & P 15% $268,500
Total Estimated Construction Cost $2,058,800
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6.0 Estimated Operating & Maintenance Costs of
Biological Nitrification Alternatives

Operating requirements, including power, labor, chemicals and other consumables
were estimated for each of the six alternatives. Power was estimated at $0.12 per
kilowatt hour (kWhr); labor at $50 per hour, including City administrative overhead;
ferric chloride at $0.30 per gallon at 40% strength; and, polymer at $1.00 per pound. For
Alternative Nos. 1, 2 and 3, which are dependent on the total flow to the entire WWTP,
an annual average flow over the 20-year planning period was assumed at 3.8 mgd. For
Alternative Nos. 4, 5, and 6, a constant flow of 2.55 mgd (as required input flow to the
MEF/RO system) over the 20-year period was assumed. Also, for Alternative Nos. 4 and
5, the manufacturers provided media replacement costs.

All alternatives require the addition of alkalinity, because the nitrification process
consumes alkalinity as it converts ammonia to nitrate. Based on plant data of 190 mg/L
alkalinity (as CaCOs), we estimate that an equivalent amount of 60 mg/L of alkalinity
must be added to insure adequate chemical balance in the process. For this TM it has
been assumed that alkalinity would be added in the form of caustic soda, although
other chemical will be evaluated in the design phase. The cost of caustic was assumed
at $0.30 per equivalent pound.

6.1 Estimated O&M Costs of Alternative No.1 NAS (2 AB’s & 3 SC’s)

Estimates of power for additional process air were made along with other O&M
requirements, which are detailed in Table 6-1.

Using the estimated O&M requirements shown in Table 6-1, annual O&M cost
estimates were made using the unit prices stated above. Table 6-2 presents the
estimated O&M costs for Alternative No. 1.

6.2 Estimated O&M Costs for Alternative No. 2 NAS (3AB’s & 3 SC’s)

Estimates of power for additional process air were made along with other O&M
requirements, which are detailed in Table 6-3.

Using the estimated O&M requirements shown in Table 6-3, annual O&M cost
estimates were made using the unit prices stated above. Table 6-4 presents the
estimated O&M costs for Alternative No. 2.

6.3 Estimated O&M Costs of Alternative No. 3 NAS & CEPT

Estimates of power for additional process air were made along with chemicals and
other O&M requirements, which are detailed in Table 6-5.

Using the estimated O&M requirements shown in Table 6-5, annual O&M cost

estimates were made using the unit prices stated above. Table 6-6 presents the
estimated O&M costs for Alternative No. 1.
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Table 6-1
Estimated O&M Requirements for Alternative No. 1 - Nitrifying Activated
Sludge (2 AB's & 3 SC's)

O&M Cost Items Units Estimated
Quantities
Power Consumption
Blowers for Increased Air to Nitrify kWhr/yr 294,100
RAS Pumping kWhr/yr 63,700
Total Estimated Additional Power kWhr/yr 357,800
Chemicals
Caustic for Alkalinity Replacement Ib/yr 578,400
Increased Labor — O&M hr/yr 150
Table 6-2
Estimated O&M Costs for Alternative No. 1 - NAS (2 AB's & 2 SC's)
O&M Cost Items Units Estimated Unit Unit Annual
Quantities Costs Cost Extensions
Per $1,000/yr
Power Consumption kWhr/yr 357,800 $0.12 kWhr $43
Chemicals .
Caustic Ib/yr 578,400 $0.20 Ib $116
Labor — Operations & hr/yr 150 $50 hr $8
Maintenance
Mechanical & Electrical $ $496,000 2% yr $10
Equipment Repair &
Replacement
Subtotal $176
Contingency at 15% $26
Total Estimated Annual O&M Cost $202
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Table 6-3
Estimated O&M Requirements for Alternative No. 2 - Nitrifying Activated
Sludge (3 AB's & 3 SC's)

O&M Cost Items Units Estimated
Quantities
Power Consumption
Blowers for Increased Air kWhr/yr 318,600
RAS Pumping kWhr/yr 78,400
Total Power Consumption kWhr/yr 397,000
Chemicals
Caustic for Alkalinity Replacement Ib/yr 578,400
Additional Labor for O&M hr/yr 150
Table 6-4

Estimated O&M Costs for Alternative No. 2 - Nitrifying Activated Sludge
(3AB's & 3SC's)

O&M Cost Items Units Estimated Unit Unit Annual
Quantities Costs Cost Extensions
Per $1,000/yr
Power Consumption kWhr/yr 397,000 $0.12 kWhr $48
Chemicals
Caustic Ib/yr 578,400 $0.20 Ib $116
Labor — Operations & hrlyr 150 $50 hr $8
Maintenance
Mechanical & Electrical $ $620,000 2% yr $12
Equipment Repair &
Replacement
Subtotal $184
Contingency at 15% $27
Total Estimated Annual O&M Cost $211
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' Table 6-5
Estimated O&M Requirements for Alternative No. 3 - Nitrifying
Activated Sludge with CEPT
O&M Cost Items Units Estimated
Quantities

Power Consumption

Blowers for Increased Air kWhr/yr 245,100
RAS Pumping kWhr/yr 63,700
Total Power Consumption kWhr/yr 308,800
Chemicals
Ferric Chloride (20 mg/L) Ib/yr 219,200
Caustic for Alkalinity Replacement Iblyr 578,400
Polymer Ib/yr 11,000
Additional Labor for O&M hr/yr 350
Table 6-6
Estimated O&M Costs for Alternative No. 3 - Nitrifying Activated Sludge with CEPT
O&M Cost Items Units Estimated Unit Unit . Annual
Quantities Costs Cost Extensions
Per $1,000/yr
Power Consumption kWhr/yr 308,800 $0.12 kWhr $37
Chemicals
Ferric Chloride Ib/yr 219,200 $0.35 Ib $77
Caustic for Alkalinity Replacement Ib/yr 578,400 $0.20 Ib $116
Polymer lbo/yr 11,000 $1.00 Ib $11
Subtotal Chemicals $203
Additional Labor for O&M hr/yr 350 , $50 hr $18
Mechanical & Electrical $ $770,000 2% yr $15
Equipment Repair & Replacement
Subtotal $273
Contingency at 15% $41
Total Estimated Annual O&M Cost $314
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6.4 Estimated O&M Costs of Alternative No. 4 Nitrifying BAF’s

Estimates of power for additional process air were made along with other O&M
requirements, which are detailed in Table 6-7.

Using the estimated O&M requirements shown in Table 6-7, annual O&M cost
estimates were made using the unit prices stated above. Table 6-8 presents the
estimated O&M costs for Alternative No. 4.

6.5 Estimated O&M Costs of Alternative No. 5 TSFF
Nitrification

Estimates of power for additional process air were made along with other O&M

requirements, which are detailed in Table 6-9.

Using the estimated O&M requirements shown in Table 6-9, annual O&M cost
estimates were made using the unit prices stated above. Table 6-10 presents the
estimated O&M costs for Alternative No. 5.

6.6 Estimated O&M Costs of Alternative No. 6 Tertiary
Nitrifying Trickling Filters

Estimates of power for additional process air were made along with other O&M

requirements, which are detailed in Table 6-11.

Using the estimated O&M requirements shown in Table 6-11, annual O&M cost

estimates were made using the unit prices stated above. Table 6-12 presents the
estimated O&M costs for Alternative No. 6.
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Table 6-7
Estimated O&M Costs for Alternative No. 4 - Nitrifying Biological
Active Filters
O&M Cost Items Units Estimated
Quantities
Power Consumption
Process Air Compressors kWhr/yr 294,000
Backwash Air Compressors KWhr/yr 24,500
Backwash Pumps kWhr/yr 26,100
Total Power Consumption kWhr/yr 344,600
Chemicals
Caustic for Alkalinity Replacement Ib/yr 395,700
Filter Media Replacement ton/yr 3
Labor — Operations & Maintenance hr/yr 800
Waste Backwash Water Treatment mg/yr 54
Table 6-8
Estimated O&M Costs for Alternative No. 4 - Nitrifying Biological Active Filters
O&M Cost Items Units Estimated Unit Costs Unit Annual
Quantities Cost Extensions
Per $1,000/yr
Power Consumption kWhr/yr 344,600 $0.12 kWhr $41
Chemicals
Caustic for Alkalinity Ibryr 395,700 $0.20 Ib $79
Replacement
Filter Media Replacement ton/yr 3 $188 ton ) $1
Labor — Operations & hrlyr 800 $50 hr $40
Maintenance
Mechanical & Electrical $ $1,658,800 2% _oyr $33
Equipment Repair &
Replacement
Waste Backwash Water mg/yr 54 $300 mg $16
Treatment
Subtotal $210
Contingency at 15% $32
Total Estimated Annual O&M Cost $242

CDM . 51

WO5/Reports/Benicia/Draft Supplement to TM 1 Biolog Nitrification Alts 30 Nov.doc



City of Benicia — Water Reuse Project

Draft Supplement to Technical Memorandum No. 1 —

Biological Nitrification Alternatives

Table 6-9 ‘
Estimated O&M Requirements for Alternative No. 5 —
Tertiary Submerged Fixed-Film Nitrification
O&M Cost Items Units Estimated
Quantities

Power Consumption kWhr/yr 313,600
Chemicals
Caustic for Alkalinity Replacement Ib/yr 395,700
Media Replacement cflyr 190
Labor — Operations & Maintenance hr/yr 500

Table 6-10
Estimated O&M Costs for Alternative No. 5 - TSFF Nitrification
O&M Cost Items Units Estimated Unit Unit Annual
Quantities Costs Cost Extensions
Per $1,000/yr
Power Consumption kWhr/yr 313,600 $0.12 kWhr $38
Chemicals
Caustic for Alkalinity Ib/yr 395,700 $0.20 Ib $79
Replacement
Media Replacement cflyr 190 $80 cf $15
Labor — Operations & hrfyr 500 $50 hr $25
Maintenance
Mechanical & Electrical $ $501,250 2% yr $10
Equipment Repair &
Replacement
Subtotal $167
Contingency at 15% $25
Total Estimated Annual O&M Cost $192
52
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Table 6-11
Estimated O&M Requirements for Alternative No. 6 - Nitrifying Trickling Filters
O&M Cost Items Units Estimated
Quantities
Power Consumption kWhr/yr 265,200
Chemicals
Caustic for Alkalinity Replacement Ib/yr 395,700
Labor — Operations & Maintenance hr/yr 500
Table 6-12
Estimated O&M Costs for Alternative No. 6 - Nitrifying Trickling Filters
O&M Cost Items Units Estimated Unit Unit Annual
Quantities Costs Cost Extensions
Per $1,000/yr
Power Consumption kWhr/yr 265,200 $0.12 kWhr $32
Chemicals
Caustic for Alkalinity Iblyr 395,700 $0.20 Ib $79
Replacement
Labor — Operations & hr/yr 500 $50 hr $25
Maintenance
Mechanical & Electrical $ $345,375 2% yr $7
Equipment Repair &
Replacement
Subtotal $143
Contingency at 15% $22
Total Estimated Annual O&M Cost $165
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7.0 Quantitative Evaluation of Alternatives
7.1 Capital Cost Estimates

The capital cost of a project includes both the initial construction cost plus engineering
and construction management costs required to implement the project. An amount of
35% of the estimated construction cost has been added to account for these costs.

7.2 Life Cycle Cost Analysis

The capital and annual O&M cost estimates presented herein are for comparative
purposes only. These cost estimates are used to determine the biological nitrification
alternative that is the most cost-effective in relation to the other alternatives. A more
detailed construction cost estimate will be developed for the selected alternative as part
of the preliminary design.

Using estimated capital and annual O&M costs for each alternative system, present
worth values were developed to compare the life-cycle costs of the six alternatives.
Present worth is defined as that amount of money it takes to fund the capital
investment of a project, as well as its annual operating and maintenance costs, over a
period of time, given the cost of money (interest) during the evaluation period. For this
analysis, the time period used was 20 years and the interest rate was six percent. Table
7-1 presents the results of this analysis.

As can be seen from inspection of Table 7-1, Alternative No. 6 has the lowest present
worth value among the six alternatives analyzed. Alternative No. 1 has the next lowest
present worth value by approximately 1.5%. Although Alternative No. 1 has the
lowest estimated capital cost, however, as discussed above in Section 3 and below in
Section 8, there are significant reliability limitations regarding Alternative No. 1, in that
it cannot consistently meet the maximum secondary effluent ammonia criterion of 2
mg/L.

Table 7-1
Summary of Economic Analysis of Biological Nitrification Alternatives
Alt No. 1 Alt No. 2 Alt No. 3 Alt No. 4 Alt No. 5 Alt No. 6
Component NAS (2&3) NAS (3&3) NAS&CEPT BAFs TSFF TNTF
$1,000's $1,000's $1,000's $1,000's $1,000's $1,000's
Estimat’ﬁ)ed Construction $1,790 $3,310 $2,340 $4,580 $2,880 $2,060
Costs
Add 35% for Engineering and $630 $1,160 $820 $1,600 $1,010 $720
CM
Total Estimated Capital Cost $2,420 $4.470 $3,160 $6,180 $3,890 $2,780
Estimated Annual O&M $202 $211 $314 $242 $192 $165
Costs @
Preserz;t)Worth of O&M $2,320 $2,420 $3,610 $2,780 $2,200 $1,890
Costs
Total Estimated Present $4,740 $6,890 $6,770 $8,930 $6,090 $4,670
Worth Values
™" From Tables 5-1 through 5-6
@ From Tables 6-2, 6-4, 6-6, 6-8, 6-10 & 6-12
@ PWF:i=6%andn =20 yrs
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8.0 Qualitative Evaluation of Alternatives

In addition to capital cost, operating costs and overall present worth values, it is
appropriate to evaluate other qualitative factors to aid in the selection of the best
biological nitrification process. Below is a discussion of pertinent qualitative factors.
Table 8-1 contains a tabular summary of these discussions.

Table 8-1

Summary of Qualitative Evaluation of Nitrification Alternatives

Qualitative Factors Alt No. 1 Alt No. 2 Alt No. 3 Alt No. 4 Alt No. 5 Alt No. 6
Impact on Existing Facilities Moderate High Moderate Low Low Low
Ease of Operation Good Good Moderate Moderate Good Good
Ease of Implementation Moderate Difficult Moderate Good Good Good
Incremental Expandability Difficult Difficult Difficult Moderate Moderate Moderate
Equipment Reliability Good Good Good Good Good Good
Process Reliability Limited Good Limited Good Limited Good
Proven Technology Good Good Good Good Limited Good
Process Complexity Moderate Moderate Moderate High Low Moderate
Power Demand High High High Moderate Low Lowest
Visual Impact Low Low Low High Low Moderate

Water Reuse System Reliability: Prior to presenting a qualitative evaluation of the
alternatives, it is appropriate to revisit staff proposed reliability features of the water
reuse system components. The Water Reuse Treatment Project is not being designed to
provide ammonia free recycled water at a continuous 2 mgd (or a reduced design
capacity based on financial constraints) flow rate on a 24 hour, 7-day per week basis. In
TM-4, it was determined that stand-by power would not be provided to the Water
Reuse Project. It was agreed that during power outages or reduced production events
that potable water could be used for make-up supply. It was also agreed that systems
requiring annual maintenance could be performed during the winter when raw water
supplies are not at a premium.

All pumping systems will have a stand-by pumping unit and all process air supply
systems will have a stand-by compressor unit. Mechanical equipment such as these are
more subject to occasional failures. However, it is not cost effective to have standby
process units, particularly for any of the stand-alone biological nitrification systems.
Hence, each system is designed with two units, each capable of processing 50 percent of
the design flow. If one unit is down for repair, production will be proportionately
reduced.

Impact on Existing Facilities: Adding a third secondary clarifier and a third RAS
pump have been planned from prior designs to expand the treatment facilities.
Replacing the existing process blowers will be highly disruptive. For Alternative No. 2,
demolishing one of the three trains of RBC’s, in order to construct a 34 AB, will be
challenging and will then leave the operators with less flexibility for wet weather
events. Other than change the “site usage” of the RBC train into a new aeration basin
under Alternative No. 2, Alternative Nos. 1 and 2 make slight impacts on existing
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facilities. Alternative No. 3 will add more sludge to the anaerobic digestion system.
CDM has analyzed the digesters and have determined that they can handle adequately
the extra load.

Both the stand-alone system, Alternative Nos. 4 and 5 consume additional space.
However, being stand alone systems, they pose little other impact to the existing plant.
The BAF’s of Alternative No. 4 will generate a backwash flow stream that must be
recycled back through the plant for processing.

Ease of Operation: Biological nitrification is generally somewhat “touchy” to operate
in that the operators must keep on top of operating parameters lest the system fall out
of the nitrification mode or the bacteria become “washed out” of the process. Separate,
stand-alone systems, such as BAF, TSFF, and NTFs are much less susceptible to such
upsets. However, BAF’s have several additional mechanical systems, including two air
systems (process and backwash) and a backwash water pump system. NTFs have
recycle pumps and rotary distributors which basically run at pre-set constant speed.

Ease of Implementation: All three stand-alone systems are relatively easy to
implement. Adding the third aeration basin under Alternative No. 2 is the most
disruptive, owing to demolition of an RBC train. Replacing the activated sludge
process air blowers will be disruptive to plant operations and may require a temporary
system while the blowers are being replaced. Significant coordination with plant
operations during construction will be required for this change out.

Incremental Expandability: The stand-alone systems (Alternative Nos. 4, 5, and 6) can
be designed for ease of expansion, should it be determined that there may be additional
demand for recycled water. Or, if the initial capacity of the project is reduced, owing to
initial funding limitation, they can be designed to be expanded to the full, 2 mgd
capacity later.

For the activated sludge alternatives, modular expansions for the water reuse project
are really not practical. The sizes of additional aeration basins and secondary clarifiers
should be the same as the existing to provide sufficient nitrification capacity for the full-
plant flow and to facilitate hydraulic flow split.

Equipment Reliability: All the alternatives use standard mechanical equipment, such
as blowers, compressors and pumps. Each one of these would be provided with a
stand-by unit. There are several automatically operated valves associated with the
BAF’s, which may reduce the reliability of Alternative No. 4.

Process Reliability: Process reliability, as differentiated from equipment or mechanical
reliability, refers to the ability of a treatment process to consistently produce an effluent
that meets design water quality requirements. An effluent ammonia concentration of 2.0
mg/L is can be routinely achieved by a NAS process. Operating requirements and

limitations for NAS systems are well established, and with proper design and operation
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NAS processes can be expected to consistently perform as intended. While the number
of tertiary nitrifying BAF plants is significantly less than for NAS, a significant number
of them are operating successfully (see Appendix B). Selected data from a number of
operating facilities including a large BAF installation in Onondaga County New York
demonstrate that BAF technology can consistently meet low effluent ammonia
requirements. We were only able to identify three full-scale plants in the United States
that use submerged fixed-film processes for nitrification. Based on selected data
obtained for two of the three facilities, effluent ammonia concentrations are possible but
not routinely achieved. More information on these facilities is needed to make a
determination of the reasons for the effluent ammonia variability at the existing
facilities.

Since nitrifying organisms are sensitive to many toxic compounds, an effective
industrial pretreatment program is essential to keep materials out of the wastewater
that could upset the nitrification process. Tertiary nitrification systems are somewhat
less susceptible to upset from toxins dumped into the municipal system because the
upstream, activated sludge process will attenuate, and possibly remove substances
harmful to the nitrifiers.

Proven Technology: Of the six final alternatives most have long established records of
performance on a world-wide basis. In particular, nitrifying activated sludge processes
have been in use for many years throughout the United States, and it is a well proven
technology. BAF technology has been in use for several decades but still does not have
the installed facility base that activated sludge does. While there are likely thousands of
municipal wastewater treatment plants using nitrifying activated sludge, as of 2001
there were somewhat over one hundred BAF installations. Still, the size and scope of
the existing BAF installations are significant enough to consider BAF technology well
proven for this application. Substantially more installed and operating BAF capacity
exists in Europe than in North America; however, the number of facilities in the United
States has increased significantly over the last ten years, and includes several facilities
in California in the same application. Submerged fixed-film technology is not new, but
use of the technology has been mainly limited to moving bed biofilm and IFAS
applications where the media is used for secondary treatment and nutrient removal
process. Use of submerged fixed-film media for tertiary nitrification of secondary
effluent in the USA is very limited. NTF have been used for at least 10 years, and in
some cases 20 years, for biological nitrification. Sunnyvale, California, is a good
example of a plant that successfully employs NTFs for nitrification.

Process Complexity: Process complexity considers the number and types of mechanical
equipment and process control systems required to operate the facility. TSFF-type
processes are perhaps the simplest of the alternatives evaluated since there is only one
set of pumps and process air blowers. Operators must only maintain adequate
dissolved oxygen (DO) and alkalinity for the process to operate effectively. No sludge
separation or recycle streams are necessary. All the NAS process alternatives are very
similar to each other, and to the existing activated sludge process. Operating complexity
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for NAS is not much different than for secondary activated sludge but does require
more attention to solids inventory, alkalinity, and DO concentrations. Although BAFs
are simple from a process perspective, operations are more complex with two sets of
pumps (feed and backwash) and blowers (process air and backwash air) and several
automatic valves. A programmable logic controller (PLC) is desirable to automate
backwashing and to minimize operator attention. With the use of standard process
controls, BAFs operations can be completely automated allowing unattended operation
‘for extended periods. NTFs have combined feed and recycle pumps which pump the
water to the top of each tower where it is distributed over the media by a rotary
distributor. Also, induced draft, constant speed fans provide air for the process. All
these equipment items run at constant speed.

Power Demand: Power is required for pumping, process aeration and for backwashing
filters. To the extent that the alternatives have different hydraulic grade requirements,
pumping requirements vary. BAFs require the largest hydraulic grade differential to
operate the process and thus have the highest pumping requirements. BAFs also
require pumps to backwash the units at regular intervals.

Although a fixed amount of oxygen is required to convert ammonia to nitrate (about 4.6
Ib O2/1b NH,), the mass of ammonia converted to nitrate varies among the alternatives.
All three of the nitrifying activated sludge process treat the entire plant flow, and thus
nitrify all the ammonia. Whereas, the tertiary alternatives are required to nitrify only
the ammonia in the secondary effluent stream, necessary as input to the water reuse
system. Differences in the field oxygen transfer efficiency (FOTE) for each technology
also affect the power required for process air. BAFs have a FOTE of about 20 percent
while fine pore aeration in NAS systems have an FOTE of about 10 to 12 percent. We
have not been able to obtain results from aeration tests for the TSFF processes so we
have relied on the manufacturers’ estimates for this evaluation. Alternative No. 3,
which adds chemicals to the primary clarifiers, has a reduced power demand because
more of the BOD load and some of the nitrogen load are removed by primary
treatment.

Table 8-2 contains a summary of the power requirements for each alternative, as well as
the estimated annual cost of same, assuming the unit cost of power is $0.12/kWhr. As
can be seen from review of the data in Table 8-2, Alternative No. 6 NTFs has the lowest
estimated power demand and cost.

Table 8-2
Summary of Estimated Energy Demands by Biological Nitrification Alternatives
Component Alt No. 1 Alt No. 2 Alt No. 3 AltNo.4 | AltNo.5 | Alt No. 6
NAS (2&3) | NAS (3&3) NAS&CEPT BAFs TSFF TNTF

Estimated Energy,
KWhr/Yr 357,800 . 397,000 308,800 344,600 313,600 265,200
Estimated Energy Cost,
$1,000's per Year $43 $48 $37 $41 $38 $32
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Visual Impact: Alternative No. 4 BAF’s have a high physical profile with the top of the
structures being of about 25 feet from grade. Neighbors to the north of the plant may
be concerned about the height of the facilities. The only mitigation for this visual
impact would be to bury a portion of the filters in the ground. This would increase the
structural costs significantly.

9.0 Conclusions and Recommendations
Conclusions

Based on the evaluation of the alternatives presented in this Supplement to TM-1, the
following conclusions can be drawn:

1. Nitrifying Activated Sludge Alternative No. 1 does not provide reliable effluent
quality of 2 mg/L ammonia for current average day flow rates.

2. Providing a reliable nitrifying activated sludge system by modifying the City’s
activated sludge system will be highly disruptive and result in a high capital and
operating cost, compared with other available, stand-alone alternatives.

3. Three stand-alone tertiary, biological nitrification alternatives are capable of
meeting the 2 mg/L ammonia criterion. Biological activated filters and nitrifying
trickling filters have more proven performance as stand-alone nitrification systems,
than do submerged fixed film systems.

4. BAF’s have a high equipment profile of about 25 feet; they also have the highest
capital and operating cost.

5. Alternative No. 6 Tertiary NTF’s appears to be the most cost-effective alternative
that can meet the ammonia criterion of 2 mg/L.

6. The estimated capital cost of Alternative No. 6 is within the Water Reuse Project
budget allocation for nitrification for a 2 mgd project, as presented in the project cost
estimate update, dated 8 March 2005.

7. Using a stand-alone nitrification system will avoid operational problems at the
City’s basic secondary treatment system during wet weather periods when it must
accommodate high flows and still meets its NPDES permit requirements.

Recommendation

Based on the evaluations conducted and the conclusions reached in the performance of
this study, CDM recommends that City staff, along with CDM, visit existing treatment
plants that have stand-alone NTFs as their nitrification system (such as Sunnyvale, CA)
to learn their operating characteristics and performance, and then determine if they are
comfortable that this type of biological nitrification will consistently meet 2 mg/L
ammonia.
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AB
ADWEF
AF
AFY
AS
AWWA
BAAQMD
BAF
BFP
BNR
BOD
BODs
BTU
CAA
CCR
CDM
CEPT
cf

CFR
CIpP
COE
CPI
CT
CWA
DAF
DG
DL
DO
DOHS
EDR
EHRC
ENRCCLsr

EPA
" FOTE
- FY
gpd
gpm
HDPE
HRT
icfm
IDI
IFAS

aeration basin

Average Dry Weather Flow

acre-feet

acre-feet per year

Activated Sludge

American Water Works Association

Bay Area Air Quality Management District
biological aerated filter

belt filter press

Biological Nutrient (Nitrogen) Removal
biochemical oxygen demand

5-day Biochemical Oxygen Demand
British Thermal Unit

Clean Air Act

California Code of Regulations

Camp Dresser & McKee Inc.

chemically enhanced primary treatment
cubic foot

Code of Federal Regulations

clean-in-place

U.S. Army Corps of Engineers

Consumer Price Index

Product of chlorine dosage and contact time
Clean Water Act

Dissolved Air Flotation Thickener
Digester Gas

Dockline

dissolved oxygen

State of California Department of Health Services
Electrodialysis Reversal

enhanced high rate clarification
Engineering News Record Construction Cost Index of San
Francisco Area

United States Environmental Protection Agency
field oxygen transfer efficiency

Fiscal year

gallons per day

gallons per minute

High Density Polyethylene

Hydraulic Residence Time

inlet cubic feet per minute

Infilco Degremont Incorporated

integrated fixed film activated sludge
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kv
kw
kWhr

MBR
MF
mg
mgal
mg/L
mgd
mL
MLSS
mW
NAS
NBA
NF
NPDES
NTF
NTU
O&M
OH
OSHA
PE
PLC
POTW

ppd

PSM
PVC
PW
PWWF

RBC’s
RO
RWQCB

RWSPS
SC
SCADA
sf

SPW
SRT

Sta
SWRCB
TDS
Therm

KiloVolt (1000 Volts)

KiloWatt (1000 Watts)

kilowatt hour

liter

membrane bioreactor

microfiltration

milligram

million gallons

milligram per liter

million gallons per day

milliliter

Mixed Liquor Suspended Solids

MegaWatt (1,000,000 Watts)

nitrifying activated sludge

North Bay Aqueduct

nanofiltration

National Pollutant Discharge Elimination System
nitrifying trickling filters

Nephelometric Turbidity Unit

Operation and Maintenance

overhead

Occupational Safety and Health Administration
primary effluent

programmable logic controller

Publicly Owned Treatment Works

pounds per day

pump station

Process Safety Management

polyvinyl chloride

present worth

peak wet weather flow

return activated sludge

rotating biological contactors

reverse osmosis

Regional Water Quality Control Board - San Francisco Bay
Region '

recycled water supply pump station

secondary clarifier

Supervisory Control and Data Acquisition System
square feet

State Project Water

solids (biomass) retention time

Station

State Water Resources Control Board

Total Dissolved Solids

100,000 BTUs, equivalent to 100 cubic feet of natural gas
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TIN

Title 22

TKN
TOC
TSFF
T8S
USDA
uv
UvVT
VOC
WRTP
WWTP

Total Inorganic Nitrogen (total of ammonia-nitrogen, nitrite-
nitrogen, and nitrate-nitrogen)

California Code of Regulations, Title 22 (Water Recycling
Criteria) :

total Kjeldahl nitrogen

Total Organic Carbon

Tertiary Submerged Fixed Film (nitrification)

Total Suspended Solids

U.S. Department of Agriculture

ultraviolet light

UV transmittance

Volatile Organic Carbon

Water Reuse Treatment Plant

Wastewater Treatment Plant
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Appendix B
Partial List of BAF Installations



Biofor™ Installation List

Installation S Number | Filter Area | Average (Peak) | Construction
of Filters | (Ft’/Cell) | Flow (MGD) Start-Up
Biofor C 8 1400
Binghamton-Jofinson City, NY Biofor N 8 1360 44 (70) 2005*
Biofor DN 4 840
Breckenridge, CO | Biofor N A 278 .0 (2.3) 1998
Corpus Christi, TX _Biofor C 6 314 1.8 2000 |
Evesham, NJ _BioforN | 3 SR R LY AR I 1L S
Irvine Ranch, CA Biofor DN 2 60 1.3 1998
< Neptune, NJ | Biofor N 4 1131 8.5(11) 2003
2 Biofor C 6 1036
= [oenoke ¥R _ BioforN |6 | eao | M 1%
West Basin, CA MWD for Arco Biofor N 1 315 0.9 (1.1) 1999
West Basin, CA MWD for Chevron | Biofor N 4 i v315 15 1995
West Basin, CA MWD for Mobil Biofor N 4 315 5 1995
Biofor N 4 1080 "
West Warwick, Rl |'Biotor DN ; i 10.5 (25.34) 2004
} Biofor C 4 540 "
Wetzel Rd, NY “Biofor N o T yor 7.8 (15.9) 2005
Acheres ~BioforN | 1 1119 1 7.1(9.9) 1989
Ahlstrom Sibille Biofor C 6 339 | 38(5.1) 1994
Allos Biofor G 4. 152 o819 f 1980
Biofor C 6 897
ponsey Stn oo TBioforn |tz w2z | TN ) ST
Annemasse Biofor C 10 786 6.3 (22.2) 1997
Arjo Wiggins Biofor C 4 348 4.4 - 199%
Arjobex - Industrial Biofor CN 2 248 0.0 1999
_Biofor C | 4 220
Beaufort Sur Doron BN T T T 3.0 (10.5) 2000
Bordeaux BioforCN| 6 | 786 114 1993
Bordeaux Station Clos de Hilde BioforC | 4 786 103 1994
BoucBelAr ... . | BofrC | 4 1 188 | 120 LAesr
IBourg D'Oisans Biofor CN 6 366 3.4(7.9) 1992
[BrestMaisonBlanche | BioforC | 6 313 L.86 .. ..2000
Champsaur BIOfOI' C 4 151 0.8 (1.8) 1992
Charles Des Gaulle Airport _Biofor C_ 2 .560 ) 45009 | 2000
Biofor C_ 12 1119
Colombes - Seine Center Biofor CN 12 1119 63.4 (274) 1998
Biofor DN | 12 119
Corbeil _Biofor C 7 754 4.0 (8.0) 1991
8 Eif Atochem Biofor <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>